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Abstract 
The thesis presents the investigation of some new inorganic and inorganic-
organic composite ion exchangers with characteristic properties and their 
appHcation. It is divided into the five chapters. First chapter deals with the 
general introduction of the subject matter of tne thesis. The detail literature 
survey of the synthetic ion exchange materials has been reviewed. The early 
developments made in the field of ion exchangers, types of ion exchangers, 
characterization techniques and their analytical application are the key features 
of this chapter. These materials found extensive applications in removal of 
toxic species, separation and detection of ionic components in alloys, 
pharmaceuticals, rock samples and the concentration of precious metal ion. 
Ion exchangers can be used for the treatment of wastewater discharge before 
disposal to remove metal ions viz. Pb^^, Cd^ "^  and others, which would 
otherwise be harmful. Sorption by ion exchangers is a dominant and proficient 
technique for purification and separation but, it greatly depends on the 
development of effective sorbent materials. Efforts have been made to 
enhance the selectivity of the ion exchangers for the separation and recovery 
of metal ions with the treatment of various complexing agents. However the 
origin of selectivity in inorganic ion exchangers is still some what incomplete, 
as several other factors simultaneously affect the ion exchange properties of 
ion exchangers (elemental composition, acidity, water content, hydration of 
exchanging ions). It is of great importance to increase this understanding in 
order to be able to design selective materials for effective separations by 
carrying out more fundamental work on the most promising materials. 
Chapter two deals with the synthesis, characterization and analytical 
applications of titanium(IV) molybdosilicate. The material was synthesized by 
adding gradually an aqueous mixture of sodium molybdate (0.25 M) and 
sodium metasilicate (0.25 M) to carbon tetrachloride solution of titanium (IV) 
chloride with varying mixing ratio, pH, and temperature. The material was 
 
 
 
 
 
  
 
 
 
characterized on the basis of chemical composition, thermal and chemical 
behaviour, X-ray diffraction, FTIR, TGA and SEM studies. A tentative 
formula TiO(OH) 2 (MCO4) (H2Si03)3 n.H20 has been proposed on the basis of 
above techniques. The exchanger behaves as a monofunctional acid in alkali 
systems and bifunctiond in alkaline earth systems. The cation exchange 
capacity for Na"^  was found to be 0.74 meq/g. The sorption behaviour of metal 
ions in diverse solvent systems namely acetic acid, formic acid, 
dimethylsulfoxide, phenol, triton, formamide and dimineralized water has 
been studied. The analytical applications of the material have been explored 
by achieving some binary as well as ternary separations from aqueous solution 
on its columns. In order to demonstrate analytical utility of titanium(IV) 
molybdosilicate, quantitative separation of Fe * and Zn "*" contents of a 
commercially available pharmaceutical sample viz Fefol-Z has been 
performed on its column. The X-ray diffraction for refluxed and un-refluxed 
samples of the material shows the appearance of peak at 26=27.87 intensified 
on refluxing the sample and other peaks of weak intensities 37.90, 47.62, 
54.28 appear in case of refluxed sample. One intense peak in refluxed sample 
corresponding to 29=24.91 indicates some degree of crystallinity and the 
compound can be considered as semi-crystalline in nature. 
Chapter third reports the synthesis of acrylamide 
zirconium(IV)arsenate and its application in fabr'cation of Pb (II) selective 
membrane electrode. Organic-inorganic hybrid materials enable the 
integration of useful organic and inorganic characteristics within a single 
molecular-scale composite. Ten different samples were prepared under varied 
conditions of temperature, pH and mixing ratio of reagents. The exchanger 
with better ion exchange capacity was prepared by adding mixture of aqueous 
solution of sodium arsenate (0.25 M) and acrylamide (0.25 M) in a volume 
ratio of 1:2 at a flow rate of 1.0 mL/min into the aqueous solution of 
zirconium oxychloride (0.25M) while stirring the solution continuously. The 
material behaves as a monofunctional acid with ion-exchange capacity of 1.65 
meq/g for Na"^  ions. Sorption behaviour of metal ions in solvents with 
 
 
 
 
 
  
 
 
 
increasing dielectric constant has also been explored. The sorption studies 
reveal that the material is selective for Pb^ "^  ions. The promising feature of the 
material is its specificity for Pb^ "^  ions (a highly toxic environmental pollutant). 
A new PVC based Pb^ "^  ion-selective electrode using acrylamide 
zirconium(IV)arsenate as electro-active material has been fabricated. The 
electrode works well ever a wide range of concentration 1 x 10' M - 1 x 10' M 
with a Nerstian slope of 30±1 mV per decade. The sensor shows the short 
response time of 20 seconds and can operate in the pH range of 2-7. The 
analytical utility of the material has been explored by achieving some binary 
separations of metal ions on its column. Pb"^ "^  has been selectively removed 
from synthetic mixtures containing Mg^ "^ , Ca^*, Sr^ "^ , Zn^ "^  and Cu^ "^ , Al^ ,^ Ni^ "", 
Fe". The lead (II) selective electrode has been successfully used as an 
indicator electrode for potentiometric titration of Pb^^ ions in solution against 
EDTA solution. 
Chapter four describes the preparation, characterization and its 
analytical applications of EDTA-stanniciodate and its application for metal 
content determination in real and synthetic samples. The exchanger has been 
characterized on the basis of X-ray, TGA, FTIR, spectrophotometry and SEM 
studies. Ion exchange capacity, pH titration, elution and distribution studies 
were also carried out to determine the preliminary ion exchange properties of 
the material. The material can be used safely up to the temperature of 500 °C 
and retains the 76.4 % of ion-exchange capacity. The material is fairly stable 
in dilute solutions common mineral acids, bases and organic solvents. The 
FTIR spectra of the EDTA stanniciodate show a broad peak at 3501 cm'' 
indicates the presence of interstitial water and hydroxyl groups. The presence 
of strong asymmetrical stretching band at 1628 cm'' and weaker stretching 
band at 1412 cm' indicates the presence of the corboxylate ion. A peak at 
1361cm' can ascribe to C-N stretching vibration. The presence of the peaks at 
1628, 1412 and 1361 cm'' indicate the considerable amount of the EDTA 
component in the material. The peak at 827 and 503 cm'' may be due to 
stannic and iodate groups. 
 
 
 
 
 
  
 
 
 
Chapter five discusses a systematic study on the behaviour of metal ion 
sorption on acrylamide stannic(IV)molybdate in the presence of different 
surfactant mediums. The material has been successfully used for the 
quantitative separation of Pb^ "^  and Cd^ "^  ions from the mixture of other metal 
ions. The material shows selectivity towards lead and cadmium ions. The 
material appears to be the promising ion exchanger with fairly good ion 
exchange capacity (1.42 meq/g), chemical and thermal stability. Acrylamide 
stannic(IV)molybdate has been synthesized keeping the pH of the equilibrium 
mixture at 0.75. On the basis of chemical composition, pH tritation, FTIR and 
thermal analysis a tentative formulae for acrylamide stannic(IV)molybdate 
may be assigned as (Sn02) (HMo04)2(CH2CHCONH2) n H2O. The FTIR 
spectrum shows the broad band in the region of 3600-3500 cm"' characteristic 
of interstitial water and hydroxyl groups. A sharp and intense peak at 1626 cm' 
' is due to stretching vibration of C=0 group. The sharp peak at 1384 cm'' and 
confirms the presence of considerable amount of acrylamide in the material. 
Peaks in the region 1000-500 cm'' are due to Sn-0 stretching and molybdate 
groups. The practical utility of the material was demonstrated by achieving 
some important binary separations of metal ions involving Pb^"'-Mn^"', Pb^ ""-
• C2^\ Pb'"-Zn'\ Cd'"-Zn'\ Cd'^-Mn'" and Cd'^-Hg'^ on its columns. 
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General Introduction 
 
 
 
 
 
  
 
 
 
Introduction 
Every field of science needs time to flourish, likewise analytical chemistry though 
an ancient branch of science is still in process of rebirth. It had a strong impact on 
other disciplines of chemistry, natural sciences as well as on technology. 
Analytical chemistry is one of the most prevailing and expeditious branches of 
chemistry because with the growing global awareness in health hazards and 
environmental pollution, it has played a key role to unveil the causes. Analytical 
chemistry has become the self reliant, typically multidisciplinary subject with 
many feedback links emphasizing the spirit of teamwork in solution of problems. 
It is a science of obtaining, processing and communicating information about the 
structure and composition of matter. With the increase in use of sophisticated 
techniques new instrumentation, automation and computerization it has made the 
significant role in diverse scientific fields such as pharmaceutical research, 
chemical analysis, environmental analysis, quality control and many others. 
However, without the complete feedback of the analysis no process can go to 
completion successfully. To separate out the different constituents in a given 
sample is the primary step of an analysis. Different methods are available for 
separation such as distillation, extraction, precipitation, crystallization, dialysis 
and diffusion but the disadvantage with these methods is that it takes a long and 
complicated operation to carry out accurate analysis. But there are times when 
simple rapid analysis may actually be more desirable, thus ion exchange and 
chromatography has emerged as most versatile and important analytical tool. 
Rarely has a particular area of science seen so spectacular and so phenomenal 
growth as ion exchange and chromatography. 
Amongst all chromatographic techniques, ion exchange chromatography 
is considered to be most versatile and is particularly well suited and helpful in 
sorption of ions of similar properties. Ion exchangers are particularly well suited 
for the removal of chemical impurities for several reasons: the ion exchangers 
have high capacity and also specificity for the impurities like metal ions that are 
found in low concentration, they are stable and readily regenerated and the 
 
 
 
 
 
  
 
 
 
temperature effects are negligible. Selective ion exchangers exhibit the high 
selectivity towards the specific species even in the presence of large concentration 
of other species. It has been proved to be excellent tool for rapid and accurate 
determination of constituents of complicated composition, contaminants of alloys, 
pharmaceuticals, biological substances and fission products of radioactive 
elements. Ion exchange has been widely used for the removal of heavy toxic 
metal ions from wastewaters, which is generated or partially treated by product of 
various industries into public sevages, rivers and on land. 
The phenomenon of ion exchange is not of the recent origin. The use 
of solid absorbing substances to improve water quality has been recorded since 
ancient times. The earliest of the references were found in the Holy Bible, which 
says, Moses' succeeded in preparing drinking water from brackish water by using 
ion exchange [1] to remove the salt bearing minerals containing sodium, calcium 
and magnesium. Aristotle [2] stated that the seawater loses part of its salt content 
when percolated through certain sands. Francis Bacon brought the international 
use of ion exchanger without knowledge of its theoretical nature based purely on 
empirical experiences in 1963. Francis Bacon wrote of this method of obtaining 
fresh water as it was practiced on the cost of Barbary [3]: 
" 'Digge a hole of the sea shore some what above high-water mark 
and as deep as low-water mark, which when the tide 
Cometh will be filled with fresh water and portable " 
Francis Bacon and Hales described a method for removing salt by filtration and 
desalination of seawater. The practical importance of ion exchangers came into 
light in 1790 when Lowitz purified the sugar beat juice by passing it through 
charcoal. The first half of the 19"" century was characterized by the appearance of 
first information leading to discovery of the ion exchange principle, based 
primarily on the work studying soil chemistry. Gazzeri (1819) discovered that the 
clay retained dissolved fertilizer particles. In 1826 Sprenegel stated that the 
humus frees certain acids from soil. Fuchs (1833) pointed out that the lime frees 
potassium and sodium from some clay. In 1845 Thompson [3] discovered the 
phenomena of ion exchange by the name of base- exchange in soil. By the middle 
 
 
 
 
 
  
 
 
 
of 19'*" century sufficient information had been collected but formulated ion 
exchange principle' was not recognized till Thomason and Way [4] described 
independently that calcium and magnesium ions in certain types of soils could be 
exchanged for potassium and ammonium ions. During 1850-55 the agro chemist 
Way demonstrated the following mechanism to be one of the ion exchange 
methods, involving complex silicates present in the soil. As described by way the 
process observed by Thomson could be formulated: 
Ca-Sojl + (NH4)2S04 M • NH4-Soil + Ca SO4 
The ion exchange process is reversible and alumino silicates (zeolites) are 
responsible for the exchange in soil, established by Eichorn (1850) [5]. The first 
synthetic aluminium based ion exchanger was made by Harms and Rumpler [6] in 
1903 to purify the beet syrup. According to Lamberg and Wiegner [7, 8], the 
materials responsible for the phenomenon were mainly clays, zeolites, gluconites 
and humic acids. Lamberg also obtained anlacite (Na2O.Al2O3.4SiO2.2H2O) by 
leaching the mineral leucite (K20.Al203.4Si02) with solution of sodium chloride 
and found that this transformation could be reversed by treating analcite with a 
solution of potassium chloride thereby exchanging Na* again by K .^ The first 
application of synthetic zeolites for collection and separation of ammonia from 
urine was made by FoUin and Bell [9]. Cans [10] succeeded in utilizing the 
synthetic aluminum silicates ion exchangers for industrial purpose like softening 
of water and also for treating sugar solutions. Due to the limitations in the 
applications of neutral and synthetic silicates in various industrial applications an 
attempt had developed to meet the demands of the industries. A revolution in the 
field of ion exchange underwent in 1930s when Adam and Holmes [11] observed 
that the crushed phonograph records exhibit ion exchange properties. This 
observation led ultimately the synthesis of first organic ion exchanger. This resin 
was developed and improved by the former I.G.Farben industries in Germany 
followed by the manufacturers in U.S.A. and U.K, which proved very effective 
for separation, recoveries, the ionization catalysis etc. 
 
 
 
 
 
  
 
 
 
Ion exchanger 
A solid or liquid, inorganic or organic substance containing 
exchangeable ions with others of the same charge, present in a solution in which 
the ion exchanger is considered to be insoluble. Ion exchange reaction is a 
reversible chemical reaction wherein an ion (an atom or molecule that has lost or 
gained an electron and thus acquired an electrical charge) from solution is 
exchanged for a similarly charged ion attached to an immobile solid particle. 
Types 
> Cation exchangers. Those which carry exchangeable cations 
> Anion exchangers. Those which carry exchangeable anions 
> Amphoteric ion exchangers. Those which are capable of 
exchanging both cation and anion 
Depending upon the number of functional groups attached, ion exchangers may 
be mono-functional or bi-functional. The acidity and basicity of an ion exchanger 
depends upon the nature of its functional group. A strongly acidic ionexchange 
resin has -SO3 as a functional group. On the other hand a strongly basic ion 
exchange resin has -N (CH3) 3 as a functional group. 
The fundamental principle of an ion exchange process is based on the 
following facts: 
> Equivalence of exchange. 
> Donnan exclusion: The ability of the resin to exclude ions under most 
conditions but not un-dissociated substances. 
> Selectivity preference of the exchanger for one ion relative to another. 
> Difference in migration rates of absorbed substances down a column. 
> Ionic mobility restricted to the counter ions and the exchangeable ions 
only. 
> Screening effect - the inability of very large ions or polymers to be 
absorbed to an appreciable extent. 
> It does not modify substantially water chemistry. 
> Miscellaneous: Swelling, surface area and other mechanical properties. 
 
 
 
 
 
  
 
 
 
Some important uses of inorganic ion exchangers are: 
• The removal of water and air pollutants. 
• Separation of metal ions. 
• Separation of organic compounds. 
• The preparation of fuel cells. 
• The preparation of artificial kidney machines. 
• The preparation of ion-selective electrodes. 
• Possibility of group separation. 
• Ion exchange for gas chromatography. 
• Specific spot test. 
• Preparation of standard solutions. 
• They can be used as acid and base catalysts. 
• Formation constant of compounds can be determined. 
An ion exchanger may be inorganic or organic depending upon the 
nature of matrix of which it is made. Although the inorganic materials were first 
to be recognized they lost their utility after the discovery of organic resins. 
However, the use of organic resin was limited by virtue of their limited stability 
under various conditions. The breakdown of the their polymeric chains at high 
temperatures give rise to monomers in effluent, in addition to their sensitivity to 
high doses of radiations which cause significant changes in capacity, stability, 
precession and degree of cross linking. So, the revival of the interest in these 
inorganic ion exchange materials has largely stemmed from the fact that the 
materials can be used under condition unfavorable towards organic resins. Their 
resistance towards heat and ionizing radiations make them attractive alternative 
towards certain ions. Inorganic ion exchangers possess these properties and hence 
have good applications in treatment of industrial and radioactive wastes and 
processing of radioisotopes in nuclear technology. Analysis of rocks, minerals, 
alloys and pharmaceutical products have also been made using these materials. 
These materials also had other important and advantageous properties needed in 
efficient separation of ions, such as high selectivity and capacity. However, these 
 
 
 
 
 
  
 
 
 
sorbents were mostly amorphous in nature and elucidation of the ion exchange 
mechanism, and their physical and chemical properties, was very difficult and 
limited till 1964 with discovery of a crystalline phase of zirconium phosphate that 
made it possible to explain its observed ion exchange behavior in structural terms. 
Zirconium phosphates have been reported to be useful adsorbent in portable 
artificial kidney transplant [12]. However, the inorganic ion exchangers have 
their own limitations. For instance, these materials, in general are reported to be 
not very much reproducible in behavior and fabrication of the inorganic 
adsorbents into rigid beads type media suitable for column operation. Further they 
have generally less mechanical and chemical strength than the organic counterpart 
because of their inorganic nature. These drawbacks of organic resins and 
inorganic adsorbents have compelled many researchers to introduce organic-
inorganic hybrid ion exchangers consisting of inorganic ion exchangers and 
organic binding matrices. Organic-inorganic hybrid materials have attained a 
great deal of attention because of integration of useful organic and inorganic 
characteristics within a single molecular-scale composite. They had been found 
useful in preparation of ion-selective electrodes and as packing material in 
chromatography. 
However, the last few decades have seen great upsurge in the field of 
inorganic ion exchangers, about their synthesis, characterization and analytical 
applicafions in various fields. Kraus et al. [13, 14] at Oak Ridge national 
laboratory and C.B Amphlett [15, 16] in United Kingdom did the excellent work 
on these materials in the initial stages. The work up to 1963 has been summarized 
by Amphlett [17] in the classical book 'Inorganic Ion exchangers'. The later wok 
up to 1970 has been condensed by Pekarek and Vasely [18], Clearfield [19, 20], 
Alberti [21, 22] and Watton [23, 24], Torracca [25, 26] and Abe [27, 28] have 
also worked on aspects of synthetic inorganic ion exchangers, In India Qureshi 
and co-workers [29, 30] have prepared number of such inorganic materials and 
studied their ion exchange behavior during the last 15 years. Other groups that 
were engaged in the field of research and whose work is of significant interest are 
Anil K De at Shanfiniketa and Tandon at Rorkee. 
 
 
 
 
 
  
 
 
 
Vesely et.al [31] have broadly classified inorganic ion exchange materials into 
following main groups according to their salt composition: 
1. Hydrous oxides and insoluble salts 
2. Quadrivalent metal oxides (oxides of group IV with more acidic oxides 
of group V and VI of the periodic table) or acidic salts of multivalent 
metals. 
3. Salts ofhetropoly acids 
4. Insolubleferrocynides 
5. Synthetic almuniosilicates 
6. Double layered hydroxides 
1. The hydrous oxides of some metal ions have also been the well-
established materials for ion exchange purpose. A wide range of hydrous oxides 
exhibit excellent selectivity with respect to certain elements or group of elements 
due to their amphoteric nature. Freshly precipitated trivalent metal oxides are very 
effective in this respect, e.g. hydrous ferric oxides and ferric hydroxides readily 
absorb alkaline earth cations according to the law of mass action [32, 33] whereas 
other bivalent cations [34] are absorbed above pH 7. The ion exchangers of this 
class show an amphoteric behavior depending upon the pH of the solution. The 
amphoteric ion exchange behavior can be deduced by following mechanism 
Anion exchange reaction: M-OH <4 • M^ + OH" 
Cation exchange reaction: M-OH < • M-0" + H^ 
M represents the central metal ion 
Amphoteric hydroxides such as alumina may absorb either cation or anion 
depending upon the pH of the solution and thus may be ascribed to the following 
equilibria. 
AI(0H)2^ + OH" < • AI(0H)3 
Systematic studies have been made on ion exchange properties of quadrivalent 
metal oxides such as SnOj, Si02, Th02, Ti02 and Zr02. These materials behave 
either as cation exchanger in alkaline solution or anion exchanger in acidic 
solution, depending upon the basicity of central metal ion and strength of M-0 
bond relative to that of O-H bond. Actually these materials do not possess simple 
 
 
 
 
 
  
 
 
 
oxide formula as given above unless they are ignited at a high temperature. They 
are found to contain varying amount of water, which is not present as water of 
hydration since on heating, it is lost continuously over a range of temperature. 
Consequently these oxides are usually described as hydrous oxides. Inoue et al. 
[35-37] and A.K. De et al. [38-41] have done important work on hydrous oxides. 
2. Acidic salts of multivalent metals formed by the mixing acidic oxides 
of metals belonging to IV, V and VI of the periodic table, form the large number 
of ion exchange materials. They are insoluble materials having non-stoichiometric 
composition depends upon the condition under which they are precipitated. They 
possess high chemical, thermal and radiation stability. Materials which have been 
so far synthesized includes the phosphates, arsenate, molybdates, tungstates, 
antimonates, silicates, vanadates, and tellurates of zirconium, titanium, thorium, 
tin, cerium, chromium, iron, niobium, tantalum etc. 
3. The parent acids of these salts are 12-heteropolyacids with general 
formulae HmXYi204o.nH20, where m=3, 4 or 5; X can be phosphoric, arsenic, 
silicon, germanium or boron; and Y is one of the elements such as molybdenum, 
tungsten or vanadium. The prepared salts are usually impure and contaminated 
during preparation of above acids. The heteroacids H3[P04(W309)4] and 
H3[P04(Mo309)4] with 29 water molecules usually crystallize out from solution. 
They are dried to form microcrystalline, stable and well defined pentahydrate. 
The heteropolyacids with small cation are relatively soluble whereas those with 
larger cations are less soluble. Smith and Robb [42] explored the ion exchange 
mechanism of this class and Qureshi and Qureshi et. al [43] have presented the 
review on the application of these materials in radiochemical separation utilizing 
in waste processing and fuel processing. The heteropolyacids exhibit high affinity 
to heavy alkali metals, thorium and silver. The size of univalent ions of these 
elements is suitable for their retention in the crystal lattice of heteropolyacids. 
4. These materials are produced by mixing metal salt solutions with H4 
[Fe(CN)6], Na4 [Fe(CN)6] or K4 [Fe(CN)6] solution precipitates with various 
composition are formed depending upon the acidity, order of mixing and initial 
ratio of reacting components. They have high ion exchange capacity and are also 
 
 
 
 
 
  
 
 
 
known as scavengers for alkali metals. They are easily prepared and useful in the 
separation of radioactive wastes and fissionable materials [44] with less damage 
to radiation than their organic counter parts. Baetsley et al. [45] studied 
ferrocyanide molybdate and determined its structure by X-ray studies. They also 
used molybdenum and tungsten ferrocyanides for he separation of Cs-137 and Sr-
90 from fissionable products in acidic medium [46]. Large range of separation 
applications has been reported for cobalt ferrocyanides as well as for copper, zinc 
and nickel ferroyanides [47, 48]. They were first introduced by Hahn and Clein 
[49], who prepared a cobalt amine ferrocyanide. Later on Sn(Il) and Sn(lV) 
ferrocynides were prepared [50]. The ion exchange mechanism operative for 
ferrocynides has not been completely elucidated. 
5. The almuino silicates can be divided into three groups; amorphous, two-
dimensional layered almunio siliactes and three-dimensional zeolites. The greatest 
attention will be paid to synthetic zeolites. Zeolites are microporous crystalline 
solids with well- defined structures. Generally they contain silicon, aluminium 
and oxygen in their framework and cations, water and other molecules within 
their ores. The chemical composition of zeolites is expressed by the formula 
Mx/n[(A102)x(Si02)y]zH20 
Where M is the metal ion with valence n and y/x usually varies from 1 to 5. The 
main advantages of synthetic zeolites when compared with naturally occurring 
zeolites are that they can be engineered with a wide variety of chemical properties 
and pore sizes, and they are stable at higher temperatures but they have some 
limitations-
The main limitations of synthetic zeolites are that: 
> They have a relatively high cost compared with natural zeolites. 
> They have a limited chemical stability at extreme pH ranges (either 
high or low). 
> Their ion specificity is susceptible to interference from similar sized 
ions. 
Synthetic zeolites can be related structurally to their natural occurring analogues. 
Some examples of the synthetic zeolites can be classified into following groups: 
 
 
 
 
 
  
 
 
 
Heulandite, Analcite, Mordenite, Linda A, Linda-XY, ZK4, ZK5, Faugesite, 
Chabazite and phillipsite. 
6. Layered structures (a-layered) were found among the acid salts of 
tetravalent metals. The a-layered material has been generally prepared by 
refluxing the amorphous materials in concentrated phosphoric acid (10-I4M) for 
few days. The degree of crystallinity increases with increase of the refluxing time 
and concentration of phosphoric acid as in case of a-zirconium phosphate. 
A new class of exchangers has been developed by incorporation of 
bidentate or polydentate ligands on the ion exchange matrix known as chelating 
ion exchangers. A number of chelating ion exchangers has been synthesized to 
encourage the application of the ion exchange to a wide range and for recovery of 
certain metal ions selectively [51-55]. Nabi et al. have modified exchange resins 
by incorporating chelating agents such as bromophenol blue [56], congo red [57], 
crystal violet [58] and toludin blue [59]. The selectivity of the most complexing 
agents predominantly depends on their ability to form chelates with certain metal 
ions. These resins are prepared by immobilization of chelating agents on various 
supports. The selectivity of these modified resins depends upon the nature of 
function group of the ligands. 
Various synthetic inorganic ion exchangers based on two and three 
components along with their properties such as ion exchange capacity, selectivity 
and composition have been reported in tables 1.1 and 1.2. 
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For the complete description of the material as ion exchanger the following 
properties must be studied. 
• Ion exchange capacity 
<• pH titration 
• Chemical stability 
• Distribution coefficients 
• Structural studies 
• FTIR 
• X-ray 
• TGA-DTA 
• SEM 
• Analytical applications 
The capacity of an ion exchanger describes the quantity of uptake 
of exchangeable ions under specific conditions. The theoretical capacity is often 
higher than the apparent capacity, which strongly depends on solution 
concentration and pH. In addition, the framework of the exchanger may create 
circumstances in which the access of larger ions and hydrated cations is 
prevented, and therefore the experimentally obtained maximum uptake may not 
represent theoretical capacity. Generally the ion exchange capacity is determined 
by non-equilibrium process i.e. using column. The pH titration is helpful in 
finding the equilibrium capacity of the ion exchanger and uptake of metal ions at 
different pH. It also helps in determining the number of the replaceable H* ions 
per molecule of material. In this way it helps in establishing whether the 
exchanger is monofunctional or poly functional. One of the important aspects is 
the chemical stability of the ion exchanger in different solvents. It establishes 
whether the material can sustain in particular solvent or not during operation. 
The distribution coefficient is the measure of the functional uptake of 
metal ions competing for H* ions from a solution by ion exchange material. It is 
defined as follows 
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Amount of metal ion in the exchanger phase / g of the exchanger 
Kd = 
Amount of the metal ion m solution phase / ml of the solution 
where I is the volume of EDTA used before treatment of the metal ion 
solution with exchanger. F is the volume of EDTA consumed by the metal ion left 
in the solution phase after tratment. V is the volume of metal ion solution and W 
is the weight of the exchanger. The initial concentration of the electrolyte is 
adjusted so that it doesn't exceed 3% of the total ion exchange capacity of the 
exchanger taken. 
With the advancement in the modern analytical chemistry it become 
easy to characterize the material by using techniques such as FTIR, X-ray, TGA-
DTA, SEM, atomic absorption and other spectroscopic techniques. Fourier 
Transform-Infrared Spectroscopy (FTIR) is a molecular characterization 
technique that provides information about the chemical make up of materials. The 
FTIR technique provides a rapid means of identifying substances. Thermal 
analyses are good for determining the quantity of hydrated water, oxygen content 
and for monitoring decomposition and product formation in precursor routes. 
DTA is useful for determining the presence and temperatures at which phase 
transitions occur, and whether or not a phase transition is exothermic or 
endothermic. X-ray determines the crystal structure and lattice spacing. Scanning 
Electron Microscopy has emerged as a powerful tool as it gives the topographic 
images and helps in micro structural analysis. 
More recently, some organic-inorganic hybrid ion exchange materials 
have been developed. A hybrid material is composed of two or more physically 
distinct components. The purpose is to achieve the better properties than its 
counterparts. Hybrid can be used to modify organic polymer material or to modify 
the inorganic material that exhibits properties entirely diffrent than their original 
components. Research in functional hybrid organic-inorganic materials is 
supported by the growing interest of chemists, physicists, biologists and materials 
scientists who are looking to fully exploit this opportunity for creating smart 
materials. These materials with controlled functionality and hydrophobicity open 
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new avenues for organo-metallic chemistry and there use as sorbents [197-198], 
ion exchangers [199-202], catalysts [203] and in ion selective electrodes [204]. 
Khan et al. have reported polypyrrole Th(IV) phosphate [205], polyaniline Sn(lV) 
arsenophosphate [206], polystyrene Zr(lV) tungstophosphate [207] and 
polypyrrole/polyantimonic acid [208], used for the selective separation of Pb , 
Cd^ ,^ Hg^ "^  respectively, and ion exchange kinetics of M^*-H^ exchange and 
adsorption of pesticide [209] have also been carried out on these materials. Beena 
Pandit et al. have synthesized such type of ion exchange materials, i.e. o-
chlorophenol Zr(IV) tungstate and p-chlorophenol Zr(IV) tungstate [210]. Styrene 
supported Zr(lV)phosphate hybrid material [211], and fibrous ion exchange 
materials such as polymethyl methacrylate, polyacrylonitrile, styrene, pyridine 
and pectin based Ce(lV) phosphate [212, 213], Th(lV) phosphate [214, 215] and 
Zr(IV) phosphate [216] having a great potential for analytical applications, have 
been investigated by Varshney et al. These materials can be used as ion exchanger 
membranes and electrodes. Polyacrylonitrile fibers and zeolites composites have 
also been reported in literature. Polyaniline Zr(lV)tungstophosphate has been 
synthesized by Gupta et al. [217], which was used for the selective separation of 
La and UO2 . Chanda et al. reported polyacrylic acid coated Si02 as a new ion 
exchange material. Ion exchangers find applications in a wide variety of 
industrial, domestic, governmental and laboratory operations. The composite ion 
exchangers show some better granulometric properties that facilitates its stability 
in column operations especially for separation, filtration and preconcentration of 
ionic species. The column operation suitability makes it more convenient in 
regeneration of exhausted beds also. These hybrid ion exchangers have good ion 
exchange capacity, higher stabilities, reproducibility and selectivity for specific 
heavy metal ions indicating its useful environmental applications. 
In general these materials have applications in the following disciplines: 
• Separation and pre-concentration of metal ions [217] 
• Water softening [218] 
• Nuclear separations [218] 
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• Catalysis [219] 
• Redox systems [220] 
• Electrodialysis [221] 
• Hydrometallurgy [222] 
• Effluent treatment [223] 
•> Ion exchange fibers [224] 
• Ion-selective electrodes [225] 
• Conducting polymers [226] 
The Ion-Selective Electrodes (ISEs) are commonly known as 
"Ion Sensors" or "Electrochemical Sensors". Ion-selective electrodes are used in 
a wide variety of applications for determining the concentrations of various ions 
in aqueous solutions. When compared to many other analytical techniques, Ion-
Selective Electrodes are relatively inexpensive and simple to use and have an 
extremely wide range of applications and wide concentration range. The rapid 
growth of new electrodes for ion activity measurement, new formats and new 
material of construction has given a way to more in prospective research on "How 
and Whys" of the functioning of various electrodes and extensive application 
studies, uses of ISEs as instrumental components and in diverse field, particularly 
in clinical and environmental chemistry. 
In order to study the characteristics of the electrode, the following parameters 
should be evaluated: 
• Electrode response or membrane potential 
• Lower detection limit 
• Slope response curve 
• Response time 
• Working pH range 
•> Selectivity coefficients 
Calibration is carried out by immersing the electrodes in a series of 
solutions of known concentration and plotting a graph of the mV reading versus 
the log of the activity (or the actual activity on a logarithmic X-axis). This should 
give a straight line over the whole linear concentration range. The slope of the 
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calibration graph is the mV response per decade of concentration change. This is 
typically around 54 mV/decade for monovalent ions and 27 for divalent. The 
linear range of the electrode is defined as that part of the calibration curve through 
which a linear regression would demonstrate that the data points do not deviate 
from linearity by more than ±1 mV. 
The detection Limit is the concentration (or activity) of the measured ion 
at the point of intersection between the extrapolated linear segment of the 
calibration curve representing the normal slope of the electrode and a horizontal 
line representing the voltage when the concentration is so low that small changes 
in concentration do not produce any detectable change in the electrode response. 
Selectivity coefficient, one of the most important characteristics of the ion-
selective electrode is its response to foreign ions discussed in terms of selectivity 
coefficient. Different methods are employed such as mixed solution method and 
separate solution method for the determination of selectivity coefficients. 
The membrane technology has been a thrust area of research at this time. 
The membrane research involves several scientific disciplines. Polymer 
chemists, physical chemists, chemical engineers, medical professionals, bio-
technologists and environmentalists all are keenly taking interest in the membrane 
science and technology. A number of separation processes like electro-dialysis, 
ultra-filtration, reverse osmosis, micro-filtration, nano-filtration and gas 
separation processes involve the membranes in one way or the other. The 
particular category of membranes has also been used as potentiometric sensors. 
Ion exchange membranes are obtained by embedding ion exchangers as electro-
active materials in polymer binders, i.e. poly(vinyl chloride) (PVC) has been 
extensively studied as potentiometric sensors, i.e. ion-sensors, chemical sensors or 
more commonly ion-selective electrodes. 
Now a days polymer based ion exchanger membranes have become a 
research target because the exchangers act as an electroactive phase and polymers 
i.e. cellulose acetate, polysulfone, polypropylene, polyvinylidene, regenerated 
cellulose, polyacrylonitrile, polyamide, polycarbonate, etc provide binding 
support to these materials to shape into membrane. These membranes are used as 
25 
 
 
 
 
 
  
 
 
 
biosensors, chemical sensors and ion-selective electrodes. These ion exchange 
membranes have some charge over them therefore may be utilized for the 
recovery of selective ionic species from industrial effluents. Thus, ion exchange 
membranes have been extensively employed in various applications i.e. in fuel 
cells, stabilization baths, acid recovery, electrodialysis, purification of H2SO4 and 
HCl, recovery of HNO3 and HF, extraction of transition metals by using liquid ion 
exchange membranes, and in a number of environmental pollution abatement 
processes like solid waste management, etc. 
The following chapters report the synthesis, characterization and analytical 
applications of inorganic and inorganic-organic composite ion exchangers and 
their use in the analysis of metal contents of drugs and alloys and determination of 
metal ions in synthetic mixture using ion selective electrode. 
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Introduction 
Industrial pollution is a serious threat to human beings and to ecosystem as a 
whole due to indiscriminate discharge of industrial effluents before pre-treatment. 
The toxic metal ions are serious health hazard and every possible care should be 
taken to keep them isolated from getting mixed into air, water and soil. Hence 
scientists have developed methods to determine and isolate them before entering 
to our ecosystem. Ion exchange is considered as a time-honored analytical tool for 
analysis of the complex mixtures in diverse fields and ion exchangers are 
particularly well suited for the removal of toxic metal ion impurities. Various 
types of inorganic and organic ion exchangers have been synthesized, however 
inorganic ion exchangers in general are superior to organic ion exchangers as they 
are resistant towards high ionizing radiations [1-2] and can be used at elevated 
temperatures without being danger of any decomposition. Various types of 
inorganic ion exchangers have been synthesized. But still, it needs attention and 
their analytical application to be fully explored. 
Synthesis of novel ion exchangers are always of interest since they 
are selective in nature compared to commercial resins which shows high capacity 
but poor selectivity towards different metal ions [3]. Efforts for new selective ion 
exchangers namely have been undertaken in last few decades resulting in the 
discovery of wide variety of synthetic ion exchangers [4-7]. Advancement of 
inorganic ion exchangers is not only due to high thermal stability and resistively 
but also for unusual selectivity for ionic species and versatility in separation 
sciences [8-9]. Ion exchangers can be used for the treatment of wastewater 
discharge before disposal to remove metal ions viz. Pb^ "^ , Hg^ "^ , Cd^^  and Cr'^ 
which would otherwise be harmful. High levels of lead damages brain and kidney, 
mercury vapors leads to permanent brain damage at high concentration levels, 
higher concentration of copper in water can cause eye irritation, headache, 
dizziness and diarrhea and inhaling too much chromium cause fragile bones and 
probably a human carcinogen [10]. Double salts comprising arsenosilicate [11] 
molybdophosphate [12] phophosilicate [13] tungstophosphate [14] 
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arsenomolybdate [15] based on titanium(IV) has been synthesized. The following 
pages summarize synthesis, characterization, metal ion sorption and analytical 
application of titanium(IV) molybdosilicate. 
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Expemmental 
Reagents 
Titanium(IV) chloride (Riedl-del Haen, Germany), sodium molybdate (M&B, 
England) and sodium metasilicate (CDH, India). All the other reagents used were 
of analytical reagent grade. 
Apparatus 
Spectronic 20 Genysis (USA) Spectrophotometer for spectrophotometric 
I 
determinations, Elico pH meter (335, India) for pH measurements, Perkin Elmer 
(1730, USA) for FTIR studies, Philips X Pert for X-ray diffraction, (MSW-275, 
India) Shaker cum incubator for shaking, Muffle Furnace (NSW, India) for 
Heating and NETZSCH TG.209 Fl for thermal analysis were used. 
Preparation of reagents and solution 
0.25 M titanium(IV) chloride was prepared in carbon tetrachloride and 0.25 M 
solutions of sodium molybdate and sodium metasilicate were prepared in 
deionized water. One percent ethanolic solution of l-[l-hydroxy-2-napthol azo]-
5-nitro-2-napthol-4-sulfonic acid sodium salt (Eriochrome black T), l-[2-
prydylazo]-2-napthol (PAN) and 1% aqueous solution of o-cresol-
sulphonapthalein 3'-3 bis[methyliminodiacetic acid sodium salt] (Xylenol orange) 
were used as indicator and O.OIM solution of disodium salt of ethylenediamine 
tetraacetic acid (EDTA) was used as titrant, nitrate salts of all the metal ions were 
used to prepare 0.1 M aqueous solutions except Mn^ ^ and Fe^^ for which chloride 
salts have been used. 
Synthesis 
Samples of titanium(IV) molybdosilicate were synthesized by adding gradually an 
aqueous mixture of sodium molybdate (0.25 M) and sodium metasilicate (0.25 M) 
to carbon tetrachloride solution of titanium(IV) chloride with varying mixing 
ratio, pH, and temperature as indicated in table (2.1). The pH of the mixture was 
adjusted by adding dilute solution of nitric acid or ammonia. The precipitate so 
formed was allowed to settle overnight. The supernatant liquid was decanted and 
precipitate was refluxed for 6 hours in O.IM HCI. The precipitate formed was 
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allowed to settle overnight and then filtered under suction and finally dried in an 
oven at 5{)±2 °C. The product so obtained was further treated with excess of 1.0 M 
nitric acid solution for complete replacement of counter ions by H^ ions. The 
excess of acid was removed by repeated washing with dimineralized water 
(DMW). Finally the material was dried in an oven at 50±2 °C. The semi-
crystalline sample TMS-6 was chosen for detailed studies. 
Ion exchange capacity 
The ion exchange capacity was determined as usual by the column technique. 1.0 
g of dry exchanger in H"*^  form was loaded in a column (i.d 1 cm, 35 cm in length) 
with glass wool support at the base. Metal nitrate solutions were used to elute H^ 
ions completely from the exchanger column at a flow rate of 0.5 mL min"'. The 
liberated H^ ions were determined titrimetrically using standard sodium 
hydroxide solution. 
pH titration 
Topp and pepper [16] method was used for pH titration studies using NaCl-
NaOH, KCl-KOH, LiCl-LiOH, BaCb- Ba(0H)2 systems. Ion exchanger in H^ 
form (0.5 g) was treated with 50 mL of the appropriate mixed solution. The pH of 
the solution was recorded after shaking for 6 hours in a temperature-controlled 
shaker. 
Chemical stability 
0.5 g of exchange material (TMS-6) was equilibrated with 50mL solution of 
analytical interest at room temperature (25±2 °C) and kept for 24 hours with 
intermittent shaking. Titanium, molybdate and silicate released in the solution 
were determined spectrophotometrically using peroxide [17] phenyl hydrazine 
hydrochloride [18] and hydrazine [19] respectively as chromomeric reagents. 
Chemical composition 
The composition of the sample was determined by dissolving 0.5 g of sample in 
15 mL hot concentrated hydrochloric acid. The solution was cooled and diluted to 
100 mL with distilled water. Titanium, molybdenum, and silicate were 
determined spectrophotometrically [17-19] using standard procedures. 
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Effect of eluent concentration 
Fixed volume (250 mL) of sodium nitrate solution of varying concentrations was 
passed in a column containing fixed quantity of ion exchange material (0.5 g). 
The amount of H^ released was determined titrimetrically using standard 
procedures. 
Elution behavior 
1.0 M NaNOs solution was passed through a column containing 1.0 g exchanger 
maintaining a flow rate 0.5 mL min'. The effluent was collected in 10 mL 
fractions and the amount of H^ ions released in each fraction was determined 
titrimetrically using standard sodium hydroxide solution. 
EH'ect of time on metal ion adsorption 
0.3 g exchanger was treated with 30 mL solvent of interest and the amount of 
metal ion adsorbed was determined titrimetrically after every one-hour interval. 
FTIR analysis 
For FTIR analysis of the material, 10 mg of the exchanger in H^ form was taken 
and thoroughly mixed with 100 mg of KBr to a fine powder. A transparent film 
was formed by applying a pressure of 80,000 psi in a moisture free atmosphere. 
The disc formed contained 50 to 100 microgram of ion exchanger. FTIR 
absorption spectrum was recorded between 400-4000 cm"'. 
X-ray analysis 
X-ray powder diffraction method using manganese filtered Cu Ka radiation was 
utilized for X-ray studies of samples TMS-5 (un -refluxed) and TMS-6 (refluxed) 
in H^ form. The instrument was equipped with graphite monochromator operating 
at 40 kV and 30 mA. 
Thermal stability 
The effect of drying temperature of the material on the ion exchange capacity was 
studied by heating the titanium(IV) molybdosilicate from 100-700 °C for 1 hour. 
The ion exchange capacity for each heated sample was determined by using 
standard NaOH solution. 
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Scanning Electron Microscopy 
Electron micrographs were recorded for titanium(IV) molybdosilicate by using 
scanning Electron microscope operating at 15.0 kV at different magnifications. 
Distribution studies 
The distribution coefficient (Ka) is an equilibrium measure of the overall ability of 
a solid phase ion exchange material to remove an ion from the solution under set 
condition. The distribution coefficient (Ka) is an experimental way of determining 
the affinity of a sorbent material for a specific ion. Here the sorption studies were 
performed on sample TMS-6 for different metal ions in various solvent systems. 
0.3 g of exchanger in H^ form was treated with 30 mL of cationic solution in 250 
mL Erlenmeyer flask. The mixture was shaken for 6 h at temperature 25±2 °C in a 
temperature controlled shaker. The amount of cation left in the solution was 
determined by titration against standard disodium salt of 
ethylenediaminetetraacetic acid (EDTA). The distribution coefficients were 
calculated using equation 
Amount of metal ion in the exchanger phase / g of the exchanger 
Kd = 
Amount of the metal ion m solution phase / ml of the solution 
In our case 
I - F / 3 0 0 m g Kd = 
F / 30 mL 
where I is volume of EDTA used before treatment of the metal ion solution 
with exchanger. F is the volume of EDTA consumed by the metal ion left in the 
solution phase. The sorption of metal ions involves the ion exchange of the H^ 
ions in exchanger phase with that of metal ions in solution phase. 
For example: 
2R-H^ + Pb^^ ^ • R2-Pb + 2H* 
Exchanger phase Solution phase Exchanger phase Solution phase 
R= titaniuni(IV) molybdosilicate 
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Separations 
Quantitative separations of metal ions in synthetic binary and ternary 
mixtures 
Important quantitative separations of metal ions were actiieved on column of 
titanium(IV) molybdosilicate (height 35 cm, i.d 0.6 cm, bed height 5.5 cm) 
containing 2.0 g of exchanger in H"^  form. The column was washed thoroughly 
with dimineralized water and then with the suitable solvent. The mixture of metal 
ions was loaded and eluted with suitable solvent. The effluent was collected in 10 
mL fractions at a flow rate of 5 to 6 drops per minute. The metal ions in the 
effluent were determined titrimetrically [20] using standard solution of disodium 
saltofEDTA. 
Selective separations 
Selective separation of Pb^^ and Bi^ ^ from the synthetic mixtures containing 
(Pb^^ Mg^\ Ca^^ Zx^\ Cd^ )^ and (Bi^^ Mg^^Ca^^ Zn^^ Mn^ )^ were achieved 
on titanium(IV) molybdosilicate column. The amount of the Pb^^and Bi^ ^ ions in 
the mixture was varied keeping amount of the other metal ions in synthetic 
mixture constant. 
Quantitative separation of Fe^ ^ and Zn^ * in commercially available 
pharmaceutical formulation Fefol-Z 
One tablet containing 22.5 and 50 mg of elemental zinc and iron was dissolved in 
minimum quantity of aqua regia. The solution was heated to evaporate the acid 
leaving dry residue and was digested with 10 mL dimineralized water. The 
subsequent procedures remain same as described earlier. 
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Results and Discussion 
Condition for tiie synthesis of titanium(IV) molybdosilicate such as reagent 
concentration, pH, effect of mixing ratio of reagents, and temperature are reported 
in Table 2.1. It was found that increasing the concentration of reactants from 0.1 
M to 0.25 M, the ion exchange capacity increases from 0.1 to 0.74 at pH 1.0. The 
pH at which the product is obtained also affects the ion exchange capacity. The 
optimum pH for synthesis of titanium(lV) molybdosilicate was found to be 1.0. 
On refluxing the precipitate for 6 hours it is transformed to a semi crystalline 
product (sample TMS-6) as indicated by X-ray studies. Table 2.2 shows the ion 
exchange capacities for alkali and alkaline earth metal ions. The maximum ion 
exchange capacity was found to be 0.88-meq/g for Ba^ ^ ions. The affinity 
sequences for alkali metal ions K^>Na^>Li^  and for alkaline earth metals 
Ba^ '^ >Ca^ ^>Mg '^^ . The size and charge of the exchanging ion affects the ion-
exchange capacity of titanium(IV) molybdosilicate. This sequence is in 
accordance with the size of the hydrated radii of the exchanging ions. Ions with 
the smaller radii easily enter the pore of the exchanger, resulting in greater 
absorption [21]. Figure 2.1 represents pH titration curves for mono and bivalent 
metal systems namely LiCl-LiOH, NaCl-NaOH, KCl-KOH, and BaCb-BaCOH). 
respectively. The pH titration curves of titanium(IV) molybdosilicate for alkali 
systems appears to be monofunctional acid whereas bifunctional acid in case of 
alkaline system. The chemical stability data in Table 2.3 shows that titanium(IV) 
molybdosilicate is stable in acidic, basic as well as in polar solvents. Figure 2.2 
shows the elution behavior of the titanium(IV) molybdosilicate, it can be observed 
reveals that the ion exchange capacity increases with the increase in concentration 
of NaNOs up to 1.0 M and becomes constant on further increasing the eluent 
concentration. Therefore the optimum concentration for elution of H* ion is 1.0 M 
sodium nitrate solution. It is interesting to note from Figure 2.3 that the rate of 
exchange is quite fast in the beginning and almost all the exchangeable 
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Table 2.1 synthesis and properties of titanium(IV) molybdosilicate. 
S.No 
Condition of Synthesis 
Titanium 
(IV) Chloride 
(M) 
Sodium Sodium Mixing ratio 
Appearance 
of beads 
molybdate metasilicate 
(M) (M) 
(v/v/v) PH Temperature 
°C 
I.E.C 
(meqg"') 
for Na* ions 
TMS-1 
TMS-2 
TMS-3 
TMS-4 
TIV1S-5 
TMS-6 
0.1 
0.1 
0.25 
0.25 
0.25 
0.25 
0.1 
0.1 
0.25 
0.25 
0.25 
0.25 
0.1 
0.1 
0.25 
0.25 
0.25 
0.25 
1/0.5/0.5 
1/0.75/0.75 
1/0.75/0.75 
1/0.75/0.75 
1/0.75/0.75 
1/0.75/0.75 
1.2 
1.2 
0.5 
1.0 
1.5 
1.5 
25±2 
25±2 
25±2 
25±2 
25±2 
Precipitate 
Refluxed 
for 6 hours 
White 
White 
No 
Precipitate 
Light 
yellow 
Amorphous 
Yellow 
semi 
crystalline 
Light 
yellow 
Semi 
crystalline 
0.12 
0.14 
-
0.74 
0.70 
0.74 
TMS-6 Selected for Detailed studies on the basis of semi-crystalline nature. 
Table 2.2 Ion exchange capacity oftitanium(IV) molybdosilicate for various 
metal ions. 
Metal 
ions 
Salt 
used 
Ionic radii 
(A°) 
Hydrated ionic 
radii (A°) 
Liberation of H 
ions (meq/g) 
Li^ 
Na^ 
K^ 
Mg W 
Ca 2+ 
LiNO, 
NaNO, 
KNO, 
Mg(N03)2 
Ca(N03)2'' 
Ba(N03)2 
0.68 
0.97 
1.33 
0.78 
1.06 
1.43 
3.40 
2.76 
2.32 
7.00 
6.30 
5.90 
0.58 
0.74 
0.78 
0.52 
0.72 
0.88 
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Table 2.3 Chemical stability oftitanium(IV) molybdosilicate in some common 
solvent. 
Solvent 
Dimethylsulphoxide 
Aniline 
Methylamine 
Ammonia 
Acetic acid 
Tetrahydrofuran 
Trichloroacetic acid 
Formic acid 
Perchloric acid 
Succinic acid 
Sulphuric acid 
Formamide 
Oxalic acid 
Sodium hydroxide 
Methanol 
Ethylglycol 
N,N dimethylforamide 
Titanium released 
(mg/50 mL) 
0.1 
1.7 
1.2 
1.0 
1.5 
0.1 
0.2 
0.2 
0.2 
2.1 
0.3 
0.2 
0.4 
0.8 
0.2 
0.1 
0.1 
Molybdate released 
(mg/50 mL) 
1.6 
0.7 
4.2 
2.1 
1.5 
1.6 
1.8 
3.0 
1.1 
2.0 
2.2 
0.6 
1.5 
3.6 
1.0 
1.2 
0.9 
Silicate released 
(mg/50 mL) 
0.6 
0.2 
4.6 
1.3 
2.0 
1.0 
1.8 
3.5 
2.0 
3.2 
10.0 
0.2 
0.6 
4.6 
0.1 
0.1 
0.05 
Note: All the solution used is of 0.1 M concentration. 
Table 2.4 Effect of drying temperature on ion exchange capacity of 
titanium(IV) molybdosilicate. 
200 
300 
500 
700 
Dark Yellow 
Dark yellow 
Greenish 
Green 
0.70 
0.68 
0.64 
0.63 
Temperature 
50 
100 
Appearance 
Yellow 
Yellow 
LE.C 
0.74 
0.72 
% retention 
I.E.C 
100 
97.29 
94.50 
91.89 
86.48 
85.13 
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Figure 2.1 pH titration curves of titanium(IV) molybdosilicate. 
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Figure 2.3 Elution behavior of ttions of titanium(IV) molybdosilicate. 
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Figure 2.4 Effect of time on the sorption of metal ions on 
titamum(IV) molybdosilicate. 
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H^ ions are eluted in the first 140 mL of the effluent. Figure 2.4 shows the effect 
of time on the adsorption of metal ions. It has been observed that the adsorption 
increases with increase in time and becomes constant after 6 hours, showing the 
usual trend exhibiting by other ion exchangers. Thus the equilibration time for all 
other studies with this exchanger was chosen as 6 hours. It is apparent that the 
sorption of Pb^ "^  and Bi^ * occurs very fast within two hours and then becomes 
gradual indicating the selective behavior towards Pb^^ and Bi^ .^ The infrared 
spectrum of titanium(IV) molybdosilicate in H^ form is shown in Figure 2.5. The 
strong and broad peak in the region 3500-3000 cm"' may be assigned to interstitial 
water molecules and OH groups. Another strong and sharp peak at 1621cm"' is 
due to H-OH bending [22]. The sharp peak at 1384 cm"' may be due to 
deformation vibration of metal hydroxyl groups. The spectrum also shows strong 
bands with maximum at 1106 cm"' and 919 cm"' respectively due to the presence 
of silicate and molybdate groups [23]. Band at 575 cm' may be assigned to metal 
oxide bond formation. The X-ray diffraction for refluxed and un-refluxed samples 
of the material is given in Figure 2.6 a&b. The appearance of peak at 20=27.87 
intensified on refluxing the sample and other peaks of weak intensities 37.90, 
47.62, 54.28 appear in case of refluxed sample. One intense peak in refluxed 
sample corresponding to 20=24.91 indicates some degree of crystalline and the 
compound can be considered as semi-crystalline in nature. Thermogravimetric 
analysis (TGA) curve (Figure 2.7) of the titanium(IV) molybdosilicate shows 8 % 
weight loss up to 200 C which may be due to loss of external water molecules. 
Further the weight loss approximately 12% may be due to removal of strongly 
coordinate water molecules from the framework of the material, which continue 
upto 550 C. There is no significant weight loss after 550 °C, which indicates that 
no structural changes occur in the material. These findings were well supported 
by the ion exchange capacity data (Table 2.4) obtained at different temperatures. 
The interesting feature of the titanium(IV) molybdosilicate is that it retains the 
sufficient ion exchange capacity (0.63 meq/g) upto 700 °C. The chemical 
composition analysis of the material reveals the Ti: Mo: Si as 1:1:3. On the basis 
 
 
 
 
 
  
 
 
 
of chemical composition, thermal and IR studies, a tentative formula for 
titanium(IV) molybdosilicate may be assigned as 
TiO(OH)2(Mo04) (H2Si03)3 n.HsO 
Figure 2.8 shows scanning electron micrographs of titanium(lV) 
molybdosilicate at different magnifications X 1,000 and X 2,000 shows the 
uniform morphology. Table 2.5 shows the distribution coefficients for metal ions 
in diverse solvents. The promising feature of the exchanger is its selectivity for 
Pb^^and Bi^ "^  ions. Low Kd values of the metal ions in nitric acid are due to slower 
replacement of the metal ions in acidic medium as expected. Kj values of the 
metal ions in DMSO are relatively higher as compared to other solvent systems. 
The decrease in concentration of DMSO from 0.1 M to 0.01 M results increased 
sorption for all the metal ions studied. This may be probably due to decrease in 
solvating action of DMSO with metal ion with decrease in concentration of 
DMSO. The higher values of Kd were observed for almost the metal ions in case 
of Triton X-100. It has been observed that all the alkaline earth metal ions and 
transition metal ions studied show similar behavior with the exception of Pb" ,^ 
Bi^ ^ and Hg^^  ions. The Hg ions show relatively higher absorption in 0.01 M 
DMSO than in 0.1 M DMSO. Further the Co^ "^  ions show relatively higher 
sorption in formic acid, DMSO, DMW and formamide as compared to other 
solvents studied. However the behavior of tetravalent metal ions Th^^and Ce^ ^ 
ions show the uniform behavior in all the solvent systems except in 0.01 M 
DMSO that shows higher value of Kd for Th''^  ion. On the basis of Kd values 
different binary separation were performed which were analytically important. 
Table 2.6 describes the results of few important binary separation achieved on 
column of titanium(IV) molybdosilicate. These separations can be utilized in the 
removal of particular metal ions, which may interfere in the determination of 
certain other metal ions. For example copper should be removed before the 
calorimetric determination of mercury by dithizone [24] and interference of 
manganese is encountered in micro determination of lead by electrolytic method 
[25]. Table 2.7 and 2.8 show the results of selective separation of Pb^ "" and of Bi^ "^  
from the synthetic mixtures of other metal ions. Therefore the titanium(IV) 
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molybdosilicate column can be used for the removal and recovery of Pb'^ and 
Bi^ * ions. This shows that exchanger can be used for recovering Pb^^ and Bi^ ^ 
ions at lower concentration. Table 2.9 shows the quantitative separation of Fe^ ^ 
and Zx^^ ions in pharmaceutical formulation Fefol-Z. The results reveal the 
efficiency of the column is very high and the percentage recovery remains almost 
constant on increasing the loading of sample containing iron and zinc. 
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Table 2.6 Quantitative binary separations of metal ions achieved on columns of 
titanium(IV) molybdosilicate. 
Separation 
achieved 
Mn'^ 
Pb^" 
Cu^^ 
Pb^" 
Zn^^ 
Bi'" 
Cd^" 
Pb'^ 
Cu^^ 
Hg^^ 
Mn'" 
Hg^^ 
Zn^^ 
Fe'" 
Zn^^ 
Pb^" 
Amount 
loaded, mg 
5.49 
20.72 
6.35 
20.72 
6.53 
20.09 
11.24 
20.72 
6.36 
20.59 
5.49 
20.59 
6.53 
5.58 
6.53 
20.72 
Amount 
found, mg 
5.05 
19.47 
6.09 
20.09 
6.31 
18.82 
11.01 
19.47 
6.32 
18.9 
5.24 
20.50 
6.11 
4.96 
6.23 
19.06 
% 
Recovery 
93.9 
91.9 
97.0 
96.6 
96.6 
91.0 
97.0 
94.0 
99.5 
91.7 
100 
95.50 
93.5 
88.8 
95.0 
92.0 
Eluent used 
0.1 M Formamide 
0.1 M Nitric acid 
2% Tritron 
0.1 M Nitric acid 
0.1 M Phenol 
0.1 M Nitric acid 
0.1 M Formamide 
0.1 M Nitric acid 
0.1 MDMSO 
0.1 M Formic acid 
0.1 MDMSO 
0.1 M Formic acid 
0.1 M Acetic acid 
0.1 M Formic acid 
0.1 M Formamide 
0.1 M Nitric acid 
Volume of 
Eluent, mL 
60 
110 
70 
100 
50 
110 
50 
100 
40 
100 
60 
80 
50 
100 
90 
100 
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Table 2.7 Selective separation of Pb^^ from a synthetic mixture containing 
Mg^^ Ca^^, Zn^^ and C^^ on titanium(IV) molybdosilicate columns. 
Amount of Pb''"' Amount of Pb^^  %Recovery Eluent used Volume of 
loaded, mg found, mg Eluent, mL 
8.28 
13.80 
17.76 
20,72 
8.08 
13.36 
16.65 
19.23 
97.5 
96.8 
93.75 
92.80 
0.1 M Nitric acid 
0.1 M Nitric acid 
0.1 M Nitric acid 
0.1 M Nitric acid 
60 
100 
no 
130 
Table 2.8 Selective separation of Bi^^ from a synthetic mixture containing Mg^^, 
Ca^'', Mt^^ andZn^^ on titanium(IV) molybdosilicate columns. 
Amount of Bi^ ^ 
loaded, mg 
8.27 
12.41 
17.58 
20.69 
Amount of Bi 
found, mg 
8.13 
11.99 
16.80 
18.20 
% Recovery 
98.30 
96.60 
95.50 
91.30 
Eluent used 
0.1 M Formic acid 
0.1 M Formic acid 
0.1 M Formic acid 
0.1 M Formic acid 
Volume of 
Eluent, mL 
70 
90 
120 
140 
Table 2.9 Quantitative separations ofFe^^ and Zn^^ contents of pharmaceutical 
formulation Fefol-Z on titanium(IV) molybdosilicate columns. 
Metal ion 
Fe^ ^ 
Zn^" 
Fe^ ^ 
Zn "^ 
Fe^ ^ 
Amount 
loaded, mg 
1.12 
2.5 
2.25 
5.0 
4.50 
10.0 
Amount 
found, mg 
1.10 
2.4 
2.20 
4.80 
4.25 
9.20 
% Recovery 
98 
96 
97 
96 
94 
92 
Eluent used 
0.01 M Acetic acid 
0.1 M formic acid 
0.01 M Acetic acid 
0.1 M formic acid 
O.OIM Acetic acid 
0.1 M formic acid 
Volume of 
Eluent, mL 
40 
60 
60 
80 
60 
90 
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Figure 2.5 FTIR Spectrum of titanium(IV) molybdosilicate. 
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Figure 2.6 a &b X-ray diffraction pattern oftitaniumfJV) molybdosilicate samples. 
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Figure 2.7 TGA curve oftitanium(IV) molybdosilicate 
Figure 2.8 SEM images of titanium(IV) molybdosilicate obtained at different 
magnifications. 
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Figure 2.9 Elution curves of binary separations of metal ions 
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Figure 2.10 Elution curves of ternary separations of metal ions 
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Conclusion 
New semi-crystalline titanium(IV) molybdosilicate was synthesized. The material 
is thermally stable as it retains 85 % of its ion exchange capacity up to 700 °C. 
Sorption studies shows that the material is selective for Pb^* and Bi^ ^ ions. Lead 
being the potential contaminant in certain industrial effluents, thus can selectively 
be removed from other ions coexist at higher concentration. 
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Chapter 3 
AcTylatnide zirconiumCIV) arsenate: Synthesis, 
Characterization and Its Application in Fabrication of 
Pb (11) Selective Membrane Electrode. 
 
 
 
 
 
  
 
 
 
Introduction 
The prerequisite for more highly favorable metal recovery process in both 
hydrometallurgy and environmental application has lead to appealing interest in 
advancement of selective ion exchangers. In this reverence persistent efforts have 
been going to improve the mechanical, chemical and thermal stabilities of ion 
exchangers and to make them selective for particular metal ion. For removing the 
particular metal in the presence of other, we need a material specific for that metal 
ion. Thus buy synthesizing the ion exchangers, having affinity and selectivity for 
particular metal ion one can separate the undesired metal from the effluents. 
Incidentally, materials that contain both organic and inorganic moieties offer an 
attractive field of research due to their composite properties and appear as creative 
alternative for obtaining new materials. Hybrid ion exchangers have been 
introduced because they show blend of properties, conjugate mechanical 
properties of polymer with intrinsic properties of inorganic compound. Synthesis 
of hybrid ion exchangers with controlled functionality and hydrophobicity has 
opened new avenues for organo-metallic chemistry and there use as sorbents [1, 
2], ion exchangers [3, 4, 5], catalysts [6] and in ion selective electrodes [7, 8, 9, 
10]. In the continuing quest for these materials large number of hybrid ion 
exchangers based on acrylonitrile [11], nylon-6, 6 [12], acrylamide [14], 
triethyammonium [15], polypyrrol/polyantimonic acid [16] and poly-o-toluidine 
[17] have been synthesized. The hybrid ion exchangers were used to develop 
heterogeneous precipitate ion exchange membrane electrodes by embedding the 
exchanger as an electroactive material in the polymer binder. Ion selective 
electrodes are well established analytical tool that are used routinely to determine 
the wide variety of different ions selectively and directly in complex samples. 
In the present study we report the detailed study of synthesis, 
characterization, analytical applications of newly synthesized hybrid cation 
exchanger acrylamide zirconium(IV)arsenate. An attempt to fabricate ion 
selective membrane electrode for determination of Pb (II) ions was done. The 
sensor showed the advantages of simplicity, sensitivity, reliability, fast response 
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and long life. The sensor was compared with few other Pb ion selective 
electrodes reported earlier in the literature [18-21]. The exchanger possesses the 
mechanical stability due to presence of organic polymer species and a basic 
characteristic of inorganic ion exchangers. The exchanger is found selective for 
Pb^^ ions, a potential pollutant in environment. It is one of the most toxic heavy 
metal ion, though two of its former uses as additive in gasoline or paint were 
discontinued due to health concerns. Pb^* ions are still found in batteries, 
ammunition and computer circuits boards. The main target of the Pb^^ ions is 
nervous system but it also causes nephropathy, sluggishness, and loss of skin 
color [22]. The present work explored the utility of this material in qualitative as 
well as quantitative separation of Pb^ "^  ions from some binary mixtures on 
acrylamide zirconium(IV)arsenate columns. 
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Experimental 
Reagents 
Zirconium (IV) oxychloride, sodium arsenate and acrylamide were obtained from 
LOBA-CHEMIA (Bombay) and CDH (India) India, Brass alloy sample. All other 
reagents were used of analytical reagent grade. 
Instruments 
Spectrnic 20 Genysis (USA) spectrophotometer for spectrophotometric 
determinaions. A digital pH-meter (Elico LI-10, India) for pH measurements, 
Perkin Elmer 'Spectrum One' spectrophotometer for FTIR studies, NETZSCH 
TG 209 Fl for thermogravimertic analysis, 'X' Pert Pro P Analytical for X-ray 
diffraction, Perkin Elmer Series II CHNS/0 2400 for CHN analysis and Muffle 
furnace (MSW-275, India) and Shaker cum incubator for shaking were used. 
Synthesis of acrylamide zirconium(IV)arsenate 
Acrylamide zirconium(IV)arsenate was prepared using the following procedure. 
Ten different samples were prepared under varied conditions of temperature, pH 
and mixing ratio of reagents. On the basis of higher ion exchange capacity sample 
S-8 was selected for detailed studies. Sample (S-8) was prepared by adding 
mixture of aqueous solution of sodium arsenate (0.25 M) and acrylamide (0.25 M) 
in a volume ratio of 1:2 at a flow rate of 1.0 mL min"' into the aqueous solution of 
zirconium oxychloride (0.25 M) while stirring the solution continuously. The pH 
of the solution was adjusted by adding either the dilute solution of ammonia or 
nitric acid. The resulting white precipitate so formed was kept overnight (24 
hours) in the mother liquor to settle down and filtered under suction. The excess 
of acid was removed by washing with dimineralized water and dried at 50 °C in 
an oven. The dried material was cracked into small granules, sieved and converted 
into H^ form by treating with 1.0 M nitric acid for 24 hours with occasional 
shaking. The material was finally washed with dimineralized water to remove 
excess of acid and dried at 50 "C in an oven and used as such. 
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Ion exchange capacity 
One gram of the exchanger (S-8) in H* form was taken into glass column (i.d 0.5 
cm, length 25 cm) fitted with glass wool support at the bottom. The bed length 
was approximately 1.5 cm of column height. Alkali and alkaline earth metal 
nitrates (1.0 M) were used to elute H^ ions from the acrylamide 
zirconium(IV)arsenate column, maintaining a flow of 0.5 mL min" . The effluent 
was titrated against a standard 0.1 M sodium hydroxide solution. The ion 
exchange capacity in meq g ' for various metal ions was determined by usual 
column process. 
pH titration 
0.50 g of the exchanger in H"^  form were placed in each of several 250 mL conical 
flasks followed by the addition of equimolar solution of alkali metal chlorides and 
their hydroxides in different volume ratios, the final volume is adjusted to 50 mL 
to maintain the ionic strength constant. 
Chemical stability 
0.25 g of the exchanger in H"^  form was kept in 25 mL solvent of analytical 
interest for 12 hours at room temperature 25±2 °C with intermittent shaking. The 
supernatant liquid was analyzed for zirconium [23] and arsenate [24] by the 
standard spectrophotometeric methods. 
Chemical composition 
0.50 g of the sample was dissolved in 10 mL hot concentrated H2SO4. The 
dissolved sample was diluted to 50 mL. The amount of zirconium and arsenate 
were determined by standard spectrophotometric methods [23, 24]. Carbon, 
hydrogen and nitrogen contents of the material were determined by elemental 
analysis. 
Effect of eluent concentration and elution behavior 
A fixed volume (250 mL) of varying concentration of sodium nitrate solution 
were used for complete elution of H^ ions from the column containing 1.0 g of the 
exchanger in H"" form. The effluent was titrated against the standard 0.1 M 
sodium hydroxide solution. For elution behavior a column containing 1.0 g of 
exchanger in H* form was eluted with 1.0 M NaNOs solution .The effluent was 
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collected in 10 mL fraction at a flow rate (0.5 mL/min). Each fraction of 10.0 mL 
was titrated against a standard 0.1 M sodium hydroxide solution. 
FTIR studies 
The FTIR study of acrylamide zirconium(IV)arsenate sample in H^ form was 
performed by KBr disc method. 
X-ray studies 
The X-ray diffraction pattern of the material acrylamide zirconium(IV)arsenate 
was recorded by 'X' Pert Pro P Analytical. 
Thermal stability 
The effect of drying temperature of the material on the ion exchange capacity was 
studied by heating the acrylamide zirconium(IV)arsenate from 50-800 "C for 1 
hour. The ion exchange capacity for each heated sample was determined as 
described earlier. 
Thermal analysis 
A Thermogravimetric analysis was carried out by heating the sample up to 800 °C 
at a constant rate of 10 °C per minute in nitrogen atmosphere. 
Scanning Electron Microscopy 
Electron micrographs were recorded for acrylamide zirconium(IV)arsenate by 
using Scanning Electron Microscope operating at 15.0 kV at different 
magnifications. 
Distribution (sorption) studies 
The distribution coefficient (Kd) of metal ions Mg^*, Ca^ ,^ Sr^ ,^ Ba^ ,^ Pb^ ,^ Hg'^, 
Cd^^ Zn^^ Mn^^ Cu^ ,^ Fe^ +, Ni^^ Al^ ,^ Bi^^ Ce^*, Th'*^ , La^ * were determined 
by batch method in different solvents of analytical interest. Distribution 
coefficient is actually used to assess the overall ability of the material to remove 
the ion of interest under the set condition. 300 mg portions of the acrylamide 
zirconium(IV)arsenate in H^ form were taken in Erlenmeyer flasks mixed with 30 
mL of different metal nitrate solutions in required medium and shaken for 6 hours 
in temperature controlled shaker at 25±2 °C to attain the equilibrium. The metal 
ion concentration before and after the equilibrium was determined by EDTA 
titration. The distribution coefficients were calculated as described in chapter 2. 
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Separations 
Quantitative separations of metal ions contents of synthetic binary mixtures 
Important separations of metal ions were achieved on columns of acrylamide 
zirconium(IV)arsenate (height 35cm, i.d 0.6 cm, bed height 2.5 cm) containing 
2.0 g of exchanger in H"^  form. The column was washed thoroughly with 
dimineralized water and then with the suitable solvent. The column flow 
experiments were performed in acidic to neutral medium. The binary mixture of 
metal ions was loaded and eluted using suitable solvent. The effluent was 
collected in 10 mL fractions at a flow rate of 5 to 6 drops per minute. The metal 
ions in the effluent were determined titrimetrically using standard solution of 
disodium salt of EDTA. 
Selective separation 
Selective separation of Pb^^ ions from the synthetic mixtures containing Mg'^, 
Ca^ *, Sr^ ,^ Zn^ ,^ Pb^^ and Cu^ ,^ AP^ Ni^ "", Fe^ +, Pb^^ were achieved on 
acrlyamide zirconium (IV) arsenate columns. The amount of the Pb^ "^  loaded in 
the column was varied keeping amount of the synthetic mixture constant. 
Quantitative separation of Cu^ "^  and Zn^ * in a commercially available brass 
sample 
The commercially available brass sample (2.0 g) was dissolved in minimum 
quantity of aqua regia. The mixture was heated to evaporate excess of acid and 
finally diluted to 100 mL with dimineralized water and used as stock solution for 
the determination Cu^^ and Zn^* ions. The composition of the brass sample was 
determined after separation of Cu^ ^ and Zn^^ ions on acrylamide 
zirconium(IV)arsenate columns. The subsequent steps remained same as 
described earlier. 
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Preparation of acrylatnide zirconiuin(IV)arsenate membrane 
The ion exchange material acrylamide zirconium(IV)arsenate (0.6 g) was 
grounded to fine powder and mixed thoroughly with PVC (2.0g) dissolved in 15 
mL of THF. The resulting solution was carefully poured on the glass plate and left 
for complete evaporation of solvent. A 12 mm disc was cut from the master 
membrane and glued to one end of the Pyrex glass tube. 0.1 M Pb(N03)2 solution 
was used as the internal solution. Detection limit, slope response curve, response 
time and working pH range of the electrode were evaluated to study the 
characteristics of the electrode. Three different membranes were prepared by 
varying the amount of ion exchanger and keeping the amount of PVC constant. 
Conditioning of membrane and potential measurement 
The membrane was equilibrated for 5 days in a 0.1 M Pb (N03)2 solution and for 
1 hour at least before use for the potential measurements. Potential measurements 
were performed at 25±2 °C using the digital potentiometer (El) llS.The 
electrochemical representatioaof the cell is given as 
Ag, AgCl|KCl (satd): Sample solution|lSE membrane|0.1M KCl|Ag, AgCl 
The potential measurements were done in concentration range of 
Ix 10"' - Ix 10'^  mol L ' . All the solution prepared by serial dilution method and 
pH adjustments was done by dilute solution of ammonia or nitric acid. 
Water content 
The conditioned membrane was put in the demineralized water (DMW) to elute 
out the diffusible salts and soaked with Whattman paper to remove excess of the 
moisture on the surface of membrane. The membrane was then dried in the oven 
at 50±2°C for 24 hours. The water content was calculated by formula 
W w - W d 
% Total wet weight = x 100 
W w 
Wvv weight of the wet membrane, Ww weight of dry membrane 
Response Time 
The response time of the electrode was measured by recording the potential at 
different intervals of time (after every 5 seconds) till the potential attains the 
73 
 
 
 
 
 
  
 
 
 
constant value. Initial potential was measured at zero seconds when the electrode 
was dipped into (2 x 10 "^  M) test solution of Pb(N03)2. 
Selectivity coefficients 
One of the most important characteristics of the ion-selective electrode is its 
response to foreign ions discussed in terms of selectivity coefficient. Different 
methods are employed such as mixed solution method and separate solution 
method for determination of selectivity coefficients. In the present work we used 
the fixed interference method, which is one of mixed solution method. The 
selectivity coefficient is calculated using equation given below. 
A.B -A B 
Where QA and QB activities of primary and interfering ion and ZA and zg are charge 
on the ions. 
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Results and discussion 
Different samples hybrid ion exchanger acrylamide zirconium(IV)arsenate was 
prepared. The exchanger appears to be a promising cation exchange material with 
fairly good ion exchange capacity, thermal and chemical stability. Table 3.1 
shows the effect of mixing ratios of reagents, temperature and pH on the synthesis 
of acrylamide zirconium(IV)arsenate. Different samples of the exchanger were 
synthesized in the pH range from 0.5 to 2.0. Results show that an increase in pH 
decreases the ion exchange capacity because at higher pH the formation of metal 
hydroxide precipitate may occur. The most favorable pH for the synthesis was 
found to be pH 1. Increase in the ratio of arsenate enhances the ion exchange 
capacity, whereas increase in acrylamide in the reaction mixture has no such 
effect. The temperature has also the appreciable effect on the ion exchange 
property. The material synthesized at 70±2 °C has higher ion exchange capacity 
(1.53 meq/g) as compared to material obtained at 25±2 °C (1.13 meq/g). 
Table 3.2 shows the ion exchange capacity for alkali and alkaline earth 
metal ions. The results reveal comparatively higher ion exchange capacity for 
alkaline earth metal ions than alkali metal ions. Further the ion exchange capacity 
increase with the decrease in hydrated ionic radii down the group that is ions with 
smaller hydrated radii easily enter the pores of the exchanger resulting in higher 
adsorption. The pH titration curve (Figure 3.1) shows that the acrylamide 
zirconium(IV)arsenate is mono functional strong cation exchanger as evident 
from low initial pH 2.8 of the solution when no OH' ions were added to the 
system; further the steep rise in pH at 1.8 mmoles of the OH" ions indicates the 
complete neutralization of H"^  ions of the exchanger. The chemical stability data 
(Table 3.3) shows that the acrylamide zirconium(IV)arsenate is fairly stable in 
common solvents, strong acids HCl, HNO3, H2SO4 up to 2 M, reasonably stable 
in strong base NaOH and in some organic solvents up to 1 M concentration. Thus 
exchanger is chemically resistant to most of the solvents and can be successfully 
used with diverse solvents in column operation. 
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Table 3.2 Ion exchange capacity of various exchanging ions on acrylamide 
zirconium(IV)arsenate. 
Exchanging 
Ions 
Lf 
Na^ 
r 
Mg^ ^ 
Sr^ ^ 
Ba^^ 
Ionic 
radii A" 
0.68 
0.97 
1.33 
0.78 
1.27 
1.43 
Hydrated 
ionic radii A " 
3.40 
2.76 
2.32 
7.00 
6.30 
5.90 
lEC 
(meq g"') 
1.40 
1.53 
1.63 
1.42 
1.97 
2.4 
Table 3.3 Chemical stability of acrylamide zirconium(IV) arsenate in different 
solvents (250 mg of the material was initially taken of treatment). 
Solvent 
O.IM HCl 
IMHCl 
2MHCI 
O.IHNO3 
1 M HNO3 
2 M HNO3 
0.1 M H2SO4 
1 M H2SO4 
2 M H2SO4 
0.1 M NaOH 
1 M NaOH 
0.1 M Succinnic acid 
0.1 M DMSO 
Zirconium released 
(mg/25mL) 
0.10 
0.16 
0.24 
0.00 
0.12 
0.62 
0.08 
0.38 
0.48 
0.06 
0.10 
0.00 
0.20 
Arsenate released 
(mg/25mL) 
0.00 
0.21 
0.25 
0.25 
0.20 
1.40 
0.75 
1.50 
1.96 
1.6 
2.7 
0.42 
0.42 
0.1 M Oxalic acid 0.00 0.22 
4% Tween 014 0.25 
8% Tween 0.24 0.45 
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1 -^
•UOH-UCl 
•NaOH-NaCl 
• KOH-KCl 
0 2 4 6 
mmoks of OH'Wed/g of the exchanger 
Figure 3.1 pH titration curves of acrylamide zirconium(IV)arsenate 
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The chemical composition analysis reveals that the molar ratios of Zr: As: C: H: 
N is 1:2:0.5:12.24:0.5. Hence the tentative formula for acryalamide 
zirconium(lV)arsenate may be assigned 
ZrO (0H)2 (H2AS205)2 (CH2CHCONH2) n H2O 
An optimum concentration of the eluent was found to be 1.0 M for the 
complete removal of H"*^  ions from the above column. The experiment also 
established that the minimum volume required for the complete elution of H^ 
ions, which reflects the column efficiency. It was found that the rate of elution is 
governed by the concentration of eluent used (Figure 3.2). Figure 3.3 illustrate 
that the exchange is quite fast and almost all the H"*^  ions are released in the first 
150 mL of the effluent from the column containing 1.0 g exchanger with a 
standard flow rate of (0.5 mL/ min.). 
The FTIR spectrum (Figure 3.4) of acrylamide zirconium(lV)arsenate 
shows the presence of external water molecules [25] (peak 3434 cm"') in addition 
to metal oxygen and metal -OH stretching bands. The absorption peak at 1630 
cm' may be due to the amide bond stretching [26]. The peaks at 1400 and 1384 
cm"' indicate the presence of considerable amount of acrylamide in acrylamide 
zirconium(IV)arsenate [27]. Presence of sharp peak at 852 cm"' can attributed to 
presence of arsenate and the band at 452 cm"' may be due to presence of Zr-0 
stretching vibration. The X-ray diffraction pattern (Figure 3.5) indicates that the 
material is slightly crystalline in nature. It is apparent from the TGA curve (Figure 
3.6) that the initial loss of about 12 % up to 100 °C which may be due to loss of 
external water molecules [28] from the material. The gradual weight loss above 
100 C may be due to partial hydrolysis of amide groups which continue up to 200 
o o 
C. Further weight loss of about 8 % from 250-550 C may be due to complete 
decomposition of the organic part present in the material. Above 800 °C the curve 
shows the sharp depression may be due to formation of metal oxides residues. 
Comparing acrylamide zirconium(IV)arsenate with other ion exchangers reported 
[3,11,12,16,17] the material retains 86 % of its ion exchange capacity upto 500 
o 
C and also the weight loss is minimum in case of acrylamide zirconium(IV) 
arsenate (Table 3.4). 
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Table 3.4 Effect of temperature on the ion exchange capacity of acrylamide 
zirconium(IV) arsenate a cation exchanger on heating time for 1 hour. 
Temperature C 
50 
100 
200 
300 
400 
500 
600 
Color 
White 
Brown 
Light brown 
Dirty white 
Dirty white 
White 
White 
% Weight Loss 
0.00 
6.02 
7.80 
8.22 
12.08 
12.50 
14.90 
% Retention of lEC 
100.0 
97.38 
93.50 
92.65 
88.82 
86.23 
84.25 
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Table 3.5 Distribution coefficients of metal ions on acrylamide 
zirconium(IV)arsenate in different solvent systems. 
Metal ion 
Mg^^  
Ca^^ 
Sr^ ^ 
Ba^ ^ 
Pb'" 
Hg^^ 
Zn^^ 
Cd'" 
Mn^^ 
Cu^^ 
Al'^ 
m'' 
Fe'^ 
Th^" 
Ce'^ 
La^^ 
DMW 
20.0 
12.0 
20.0 
110.2 
650.0 
162 
20.0 
11.1 
23.0 
70.0 
17.0 
12.0 
30.0 
20.0 
125.0 
125.0 
Formic 
acid 
22.4 
14.8 
28.4 
400.0 
700.0 
160.0 
22.0 
30.7 
34.4 
88.4 
50.4 
12.0 
50.4 
32.3 
200.0 
160.0 
DMSO 
28.0 
21.0 
32.4 
400.0 
812.2 
122.2 
22.0 
32.2 
46.6 
156.9 
88.8 
20.0 
54.4 
50.7 
263.4 
166.6 
Acetonitrile 
34.9 
40.6 
46.5 
140.0 
920.0 
44.4 
50.0 
40.0 
49.8 
166.6 
90.4 
23.4 
55.5 
50.0 
300.0 
225.0 
Acetic 
acid 
6.6 
55.4 
72.0 
288.4 
1200.0 
56.0 
52.7 
48.1 
43.0 
152.8 
150.4 
26.4 
55.5 
70.0 
365.4 
235.0 
Succinic 
acid 
48.0 
60.0 
78.8 
444.4 
1444.5 
25.0 
58.4 
50.0 
50.0 
170.0 
242.0 
38.4 
75.0 
90.0 
400.4 
381.4 
Nitric acid 
12.4 
12.4 
25.5 
96.6 
220.0 
45.2 
18.6 
22.5 
17.11 
45.5 
25.3 
12.0 
30.5 
18.2 
100.2 
115.4 
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Figure 3.2 Effect of Fluent concentration on ion exchange capacity of 
acrylamide zirconium(IV)arsenate 
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Figure 3.3 Elution behavior of Ft ion of acrylamide zircomum(IV) arsenate 
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Figure 3.7 shows the surface properties of the acrylamide zirconium(IV)arsenate 
obtained at two different magnification (500 X and 1000 X) using Scanning 
Electron Microscopy. The results reveal that the material shows the irregular zig-
zag particle size. 
In order to explore the separation potentiality of acrylamide 
zirconium (IV) arsenate, sorption behavior of 16 metal ions were studied and the 
values obtained for distribution coefficients is given in Table 3.5. It was found 
that the increase in dielectric constant of solvents cause decrease in distribution 
coefficient of almost all the metal ions studied except in case of Ba^ ^ and Hg ^  
where no regular trend was observed. The increase in polarity of the solvent 
increases the interaction between metal ion and solvent due to ion-dipole 
interaction as a result exchange of metal ion between solvent phase and exchanger 
phase will be less. The low metal ion uptake in nitric acid is due to the presence of 
large excess of H"^  ions in the external solution. Pb^^ ions show higher Kd values 
in all the solvent system studied. Thus the promising feature of the material is its 
selectivity for Pb^ "^  ions, which is the one of the most toxic and polluting metal 
ions in the environment. The analytical application of the acrylamide 
zirconium(IV)arsenate was explored by achieving different binary separations of 
metal ions on its columns. The results are given in Table 3.6. Pb^ "^  ions were 
selectively removed from synthetic mixtures containing Mg^ ,^ Ca^ ,^ Sr^ *, Zn^ ,^ 
Pb^^ and Cu^ ,^ Al^ ,^ Ni^^ Fe^ ,^ Pb^ + (Table 3.7 and 3.8) hence, Pb^^ ions can be 
separated out in presence of the other metal ions present in waste waters. The 
orders of elution of these metal ions are depicted in Figure 3.8. It is evident from 
the elution profile that the elution is quite fast and resolution and recovery of the 
metal ions is satisfactory. In order to demonstrate the practical utility of the 
material quantitative separations of Zn^ "^  and Cu^^  from a commercially available 
brass sample was achieved acrylamide zirconium(IV)arsenate columns (Table 
3.9). 
It is evident from the Kd values that the Pb^^ ions are highly sorbed 
by the material than any other metal ions studies. The promising feature of 
acrylamide zirconium(IV)arsenate is its specificity for Pb^^ ions that makes the 
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material most useful for determination of lead in a complex mixture containing 
several other metal ions. On the basis of the specificity for lead ions, an ion-
selective electrode for the determination of microquantities of lead ions was 
fabricated. Three different membranes were prepared by varying the amount of 
ion exchanger in exchanger-PVC mixture (Table 3.10). It was observed that 
increasing the amount of ion exchanger in the mixture the thickness of the 
membrane increase, however it decrease the response time and the slope of the 
membrane. On the basis of quick response time and slope membrane M-2 was 
selected for further studies. The potential response of the electrode measure for 
different Pb^* ion concentration is given in the Figure 3.9. It reveals that the 
working concentration range of the membrane is \x 10"'-lx 10"^  M of Pb(N03)2 
with a slope of 30±1 mV decade'. The limit of detection determined by 
intersection of two extrapolated segments of calibration graph was 5.Ox 10"^ The 
response of the electrode is measured, as time required reaching the steady 
potential of ±1 mV of the final equilibrium potential. Figure 3.10 shows that the 
average response time for the electrode is 20 seconds. The sensor was tested over 
the period of 4 months to investigate its stability, during which calibration graph 
was plotted from time to time and no change was observed in working 
concentration range, slope and response time. However it is necessary to keep the 
membrane dipped in 0.1 M Pb(N03)2 when not in use. The effect of pH on 
electrode response was studied (Figure 3.11) in the range of 1-7 by using 1 x 10"' 
M Pb(N03)2 solutions, adjustment of pH were done with dilute hydrochloric acid 
or ammonia. The response of the sensor was significantly affected by pH as sharp 
changes in electrode potential below pH 2 as well as above pH 7 were observed 
(Figure 3.12). The reason for this behavior may be due to formation of lead 
hydroxide at high pH, which decreases the response, and at low pH the electrode 
responded to H^ ions results in higher response. Hence the most suitable pH range 
for the sensor is between pH 2 and pH 7. The thickness of the membrane (M-2) 
was found to be 0.40 mm and the % water content of the wet membrane (M-2) 
was found 0.0226. The most important feature of the sensor is its selectivity 
towards primary ion against the foreign ions. The selectivity coefficients for 
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different divalent metal ions towards the Pb^^ sensor were determined. It is 
apparent from the Table 3.11 that the values determined are in range of 10"\ less 
than unity hence the sensor prepared is selective towards Pb ions in presence of 
other interfering ion. Table 3.12 shows the characteristic properties of few lead 
selective electrodes. It can be inferred from the results that the present sensor is 
better than other electrodes in one or all aspects. The practical utility was explored 
by carrying the potentiometric titrations of the 0.0 IM Pb(N03)2 against 0.01 M 
EDTA solution as titrant using the sensor as indicator electrode. The potential was 
recorded after addition of every 0.5 mL of EDTA solution to 5 mL of 0.0 IM 
Pb(N03)2 diluted to 20 mL with demineralized water. The addition of EDTA 
decreases the potential as a result of decrease in free Pb^* ions due to formation of 
complex with EDTA. The amount of Pb^* ions can accurately determined by 
titration curve (Figure 3.12) providing sharp end point. 
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Table 3.6 Quantitative separations of metal ions of binary mixtures using 
acrylamide zirconium(IV)arsenate columns at room temperature. 
Separation 
achieved 
Zn^^ 
Pb'" 
Cd'" 
Pb'^ 
Mn^^ 
Pb'" 
Ca^^ 
Pb'^ 
Zn^^ 
Ba^" 
Zn^^ 
Cu^^ 
Mg^^ 
AP" 
Ce'" 
Th'^ 
Amount 
loaded, mg 
5.88 
19.68 
9.77 
19.68 
4.4 
19.68 
3.60 
19.68 
5.88 
13.04 
5.88 
6.20 
2.40 
2.98 
20.60 
12.95 
Amount 
Found, mg 
5.86 
19.06 
9.77 
19.60 
4.4 
19.20 
3.50 
19.47 
5.75 
12.77 
5.86 
5.97 
2.22 
2.60 
20.55 
12.70 
% 
Recovery 
99.6 
96.8 
100 
99.5 
100 
97.5 
97.2 
98.9 
98.1 
97.9 
99.6 
96.2 
92.5 
87.6 
99.75 
98.4 
Eluent used 
0.1 M Succinic acid 
0.1 M Nitric acid 
0.1 M Acetic acid 
0.1 M Nitric acid 
0.1 M Formic acid 
0.1 M Nitric acid 
O.IM Formamide 
0.1 M Nitric acid 
O.IM Succinic acid 
0.1 M Nitric acid 
O.IMDMSO 
0.1 M Nitric acid 
O.IM Succinic acid 
0.1 M Nitric acid 
O.IM Acetic acid 
0.1 M Nitric acid 
Volume of 
Eluent, mL 
60 
80 
60 
80 
70 
80 
50 
70 
50 
70 
60 
70 
50 
80 
50 
80 
m 
 
 
 
 
 
  
 
 
 
Table 3.7 Selective separation ofPb^* ion from the synthetic mixture ofMg^^,Ca^^, Sr' 
andZn^^ on acrylamide zirconium(IV)arsenate columns. 
S.No 
1 
2 
3 
Amount 
loaded, mg 
3.45 
6.90 
10.36 
Amount 
recovered, mg 
3.40 
6.83 
10.20 
% 
Recovery 
98.50 
98.90 
98.40 
Eluent used 
0.1 M Nitric acid 
0.1 M Nitric acid 
0.1 M Nitric acid 
Eluent 
volume,mL 
30.0 
40.0 
40.0 
Table 3.8 Selective separation ofPb^* ion from the synthetic mixture ofCi^^^f^, A7^ * 
and Fe^*on acrylamide zirconium(IV) arsenate columns. 
SNo 
1 
2 
3 
Amount 
loaded, mg 
4.14 
8.28 
12.43 
Amount 
recovered, mg 
4.12 
8.16 
12.27 
% 
Recovery 
99.5 
98.5 
98.4 
Eluent used 
0.1 M Nitric acid 
0.1 M Nitric acid 
0.1 M Nitric acid 
Eluent volume,mL 
40.0 
50.0 
50.0 
Table 3.9 Quantitative separations ofCu^^ andZn ^* contents of a commercially 
available brass sample on acrylamide zirconium(IV)arsenate columns. 
Binary Amount Amount % Eluent volume, 
mixtures loaded, mg recovered,mg Recovery ^ "^ ^ mL 
Zn'" 3.0 2.80 93.30 O.IMDMSO 50 
Cu^ ^ 7.0 6.66 95.10 0.1 M Nitric acid 60 
Zn^ ^ 
Cu 2+ 
6.0 
14.0 
5.41 
12.96 
90.12 
92.51 
0.1 M DMSO 
0.1 M Nitric acid 
60 
70 
Zn' 9.0 8.24 91.50 O.IMDMSO 60 
.2+ C r 21.0 20.0 95.20 0.1 M Nitric acid 70 
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Table 3.10 Synthesis and properties of acrylamide zirconium(lV)arsenate membrane 
Membrane Composition of membrane Thickness Concentration Response Slope 
sample lonophore (mg) PVC( mg) (mm) range time (sec) (mV) 
1 1 ^ 1 n-* M-1 200 250 0.36 Ix 10"'- 1x10"* 25 25 
T 1 ^ ,rx-T M-2 250 250 0.40 Ix 10"'- Ix 10" 20 30 
"MI3 300 250 052 Ix 10"'- Ix 10'' 29 TT 
Table 3.11 selectivity coefficients for Pb^^ selective electrode for various interfering 
ions using fixed interference method 
Interfering ions 
Mr 
Ca^^ 
Sr^ ^ 
Ba^^ 
Cu^^ 
Zn^^ 
Cd^" 
Mn^^ 
Ni^" 
Hg^^ 
Selectivity coefficients 
2.0X 10"' 
1.3x 10"' 
1.6x 10"' 
2.4x 10"' 
3.5x 10"' 
1.5X 10"' 
l.Ox 10"' 
2.4x 10"' 
3.2x 10"' 
3.6x 10"' 
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Table 3.12 Characteristic properties of different lead selective electrodes 
S.No 
1 
2 
3 
4 
5 
lonophore 
Acrylamide 
zirconium(lV)arsenate 
Benzyl disulphide [14] 
Polypyrrole 
thorium(IV)phosphate [3] 
Piroxime [15] 
5,5'-dithiobis-(2-
nitrobenzoic acid)[16] 
Concentration 
range (M) 
1x10"^-Ix 10"' 
2x10"'-5x10"^ 
1x10"*-IxlO"' 
1x10"^- 1x10"' 
4x10"*-1x10"^ 
Slope 
(eV) 
30.0 
29.2 
29.1 
30.0 
29.0 
Detection 
limit 
5x10"' 
1x10"' 
-
4x10"* 
1.5x10'* 
Response 
time(sec) 
20 
240 
35 
45 
70 
6 capricacid[17] 1x10 -IxiO"' 29.0 6x10* 15 
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Fig 3.7 Scanning electron micrographs ofacrylamide zirconium(IV)arsenate 
obtained at two different magnifications (500X and lOOOX) 
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Figure 3.9 Calibration curve ofPb ions Figure 3.10 Effect ofpHon electrode 
using acrylamide zirconium(IV)arsenate response 
membrane electrode 
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Figure 3.11 Response of the acrylamide ^^"' '^ -^ ^ ^ Precipitation titration ofPb 
zirconium(lV)arsenate membrane electrode against EDTA solution 
at different time intervals 
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Conclusion 
New semi-crystalline acrylamide zirconium(IV) arsenate was synthesized, 
characterized and its analytical application explored. The material is fairly stable in 
inorganic acids, bases and organic solvents upto 2.0 M. The promising feature of the 
material is its selectivity for Pb^ "^  ions, which is one of the most toxic metal ions 
present in environment. The material was sucessfuUy explored in fabrication of lead 
selective membrane electrode using acrylamide zirconium(IV)arsenate as an 
electroactive material. 
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Chapter 4 
EDTA-stanniciodate: Preparation^ 
Characterization and Its Analytical Applications 
for Metal Content Determination in Real and 
Synthetic Samples, 
 
 
 
 
 
  
 
 
 
Introduction 
The growing interest of engineering in mixed materials leads to the 
development of innovative composite materials. These are the novel 
multifunctional substances that offer a wide range of fascinating properties. They 
play a major role in advanced functional nanomaterials and the on-going research 
is well supported by the growing interest of chemist, physicist, biologist and 
material scientists who are looking forward to exploit all the composite properties 
possessed by these materials. They had attracted much attention due to their 
potential for interesting applications, broad applicability as well as tunable 
properties according to application needs. Their properties have been explored in 
the field of optics, mechanics, membranes, electronics, sensors and ion 
exchangers. They can combine the advantages of inorganic and organic 
constituents in the same matrix exhibiting entirely new behavior. Among many 
possible applications, use of these materials as ion exchangers has attracted much 
attention in last few years [1-10]. The limitations with the existing organic ion 
exchangers is that their mechanical strength and removal capacity tend to 
decrease at high temperatures and degradation of ion exchange properties under 
high radiation conditions whereas, problem with inorganic ion exchangers is their 
low mechanical and chemical strength and difficulty in obtaining granulated 
materials with suitable mechanical properties for use in column application. In 
order to overcome the limitation of organic resin and inorganic ion exchangers 
many investigators have introduced organic-inorganic ion exchangers consisting 
of an inorganic material and organic binding matrices. These materials have been 
employed in separation, purification and detection of heavy metal ions [11-17]. In 
designing composite materials, scientist and engineers have indigenously 
combined various metals, cremics and polymers to produce a new generation of 
extraordinary material that encompass a wide variety of applications. 
Large no of hybrid ion exchangers have been synthesized their sorption 
behavior was studied in order to get the idea of selectivity of material for different 
metal ions. Sorption based on suitable sorbent is inherently an attractive and more 
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popular for selective removal of metal ions from waste waters, generated as 
untreated or partially treated by product of various industries into public savages, 
rivers, lakes and sea waters. Heavy metal ions in general are very dangerous to 
both human and aquatic systems. The concentration of heavy metal ions above the 
permissible level results in improper functioning of the body so, it is necessary to 
keep check on their level. 
The present paper describes the synthesis, characterization and ion 
exchange behavior of thermally and chemically stable new organic-inorganic 
cation exchanger EDTA-stanniciodate. The EDTA was chosed as it was not 
studied earlier as an organic counterpart in ion exchanger though it is easily 
available organic reagent. The material was used successfully for quantitative 
separations of some heavy metal ions from the binary mixtures that were 
analytically and industrially important. 
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Experimental 
Reagents 
Stannic chloride (Merck, India), EDTA (CDH, India) and potassium iodate (Loba 
Chemia, India). All other reagents used were of analytical reagent grade. 0.1 M 
solutions of metal nitrates were used except in case of manganese and zirconium 
for which manganese chloride and zirconium oxychloride were used. 
Apparatus 
A digital pH-meter (Elico LI-10, India) for pH measurements, Perkin Elmer 
'Spectrum One' spectrophotometer for FTIR studies, NETZSCH TG 209 Fl for 
Thermogravimetric analysis, 'X' Pert Pro P Analytical for X-ray diffraction, 
Spectronic 20 Genysis (USA) Spectrophotometer for spectrophotometric 
determinations, Perkin Elmer Series II CHNS/0 2400 for CHN analysis and 
Muffle furnace (MSW-275, India) and Shaker cum incubator for shaking were 
used. 
Synthesis of EDTA-stanniciodate 
In order to obtain the sample with good ion exchange capacity, nine samples of 
EDTA-stanniciodate were prepared by gradually adding mixture of aqueous 
solution of potassium iodate and EDTA at a flow rate of 1.0 mL min"' into the 
aqueous solution of stannic chloride under varied condition (mixing ratio and 
concentration of reagents, temperature and pH). The formed gel was allowed to 
settle overnight in mother liquor and then filtered under suction. All the samples 
were dried in an oven at 50 °C. The dried material was cracked into small 
granules, sieved and converted into H^ form by treating with 1.0 M nitric acid for 
24 hours with occasional shaking. The material was finally washed with 
demineralized water and dried at 50 °C in an oven and used as such. Nine samples 
of the material were synthesized and among them sample ESI-7 was selected for 
detailed studies. 
Ion exchange capacity 
Ion exchange capacity determination and pH tritration were carried by the method 
as described in chapter 2 
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Chemical stability 
0.25 g of exchange material (ESl-7) was equilibrated with 25 mL solution of 
analytical interest at room temperature (25±2 °C) and kept for 24 hours with 
intermittent shaking. Tin and iodate released in the solution were determined 
spectrophotometrically using hematoxylin [18] and pyrogallol [19] respectively as 
chromomeric reagents. 
Chemical composition 
The composition of the sample was determined by dissolving 0.25 g of sample in 
15 mL hot concentrated hydrochloric acid. The solution was cooled and diluted to 
100 mL with distilled water. Tin and iodate were determined 
spectrophotometrically [18, 19] using standard procedures. 
Effect of eluent concentration 
A fixed volume (250 mL) of varying concentration of sodium nitrate solution 
were used for complete elution of H* ions from the column containing 1.0 g of the 
exchanger in H^ form. The effluent was titrated against the standard 0.1 M 
sodium hydroxide solution. 
Elution behavior 
A column containing 1.0 g of exchanger in H^ form was eluted with 1.25 M 
NaNOa solution. The effluent was collected in 10 mL fraction at a flow rate (0.5 
mL min"'). Each fraction of 10 mL was titrated against a standard 0.1 M sodium 
hydroxide solution. 
FTIR studies 
The FTIR spectrum for the EDTA-stanniciodate (ESI-7) was recorded by KBr 
disc method using Perkin Elmer 'Spectrum One' spectrophotometer. 
X-ray studies 
The X- ray diffraction pattern of the EDTA-stanniciodate was recorded by 'X' 
Pert Pro P Analytical using Cu Ka radiations. 
Thermal stability 
The effect of drying temperature of the material on the ion-exchange capacity 
was studied by heating the EDTA-stanniciodate from 50-700 °C for 1 hour. The 
ion exchange capacity for each heated sample was determined by using standard 
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NaOH solution. The effect of heating temperature on the material was also 
studied by TGA and DTA curves. The material was heated from 100-700 °C at a 
constant rate of 10 °C min'' in the air atmosphere. 
Scanning Electron Microscopy 
Electron micrographs were recorded for EDTA-stanniciodate by using Scanning 
Electron Microscope operating at 15.0 kV at two different magnifications. 
Distribution (sorption) studies 
The distribution coefficient (Ka) value and separation of metal ions were 
determined by the same procedure as described in chapter 2. 
Quantitative separation of Fe^ "^ and Zn^ ^ contents of a commercially available 
pharmaceutical formulation Fesofor-Z. 
One tablet containing 22.45 mg of elemental zinc and 55.26 mg of elemental iron 
was dissolved in minimum quantity of aqua regia. The solution was heated to 
evaporate the acid leaving dry residue. The resulted solution was diluted to 100 
mL with distilled water. Different volumes of the resulted solution were loaded on 
the columns. Fe^ "^ and Zx?^ ions were eluted with the suitable solvent and the 
fraction were collected and titrated with 0.01 M EDTA solution to determine the 
amount of Fe^ '^ and Zn^^ ions. The subsequent procedures remain same as 
described earlier. 
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Results and discussion 
For the past few years large number of hybrid exchangers has 
been synthesized because of their superiority over the organic or inorganic ion 
exchangers. The present work reports the condition for synthesis, characterization 
and applications of EDTA-stanniciodate in separation sciences. Table 4.1 show 
that the ion exchange capacity of the material depends upon the pH, concentration 
and mixing ratio of the reagents. The material with a high ion exchange capacity 
was synthesized at pH 0.70 (mixing ratio 1:2:1 and concentration ratio 
0.25:0.25:0.05). On the basis of good ion exchange capacity sample ESI-7 was 
selected for further studies. 
In order to investigate the working capacity of the exchanger, the 
ion exchange capacities of some monovalent and divalent cations were 
determined (Table 4.2). The interesting feature shown by the material is that the 
exchange capacity for alkali metal ions is greater than alkaline earth metal ions. 
The same feature was observed in case of stannic selenophosphate [20]. The ion 
exchange capacity for alkali and alkaline earth metal ions increases with decrease 
in hydrated ionic radii [21], a usual trend shown by other ion exchangers; smaller 
ions enter into the pores of exchanger leads to greater sorption [22]. The affinity 
sequences for alkali metal ions K>Na>Li and for alkaline earth metals 
Ba>Ca>Mg. Chemical stability of the ion exchanger plays an important role in 
their analytical application; therefore an ion exchanger should be stable in 
different solvents. The result of the chemical stability (Table 4.3) shows that the 
material is fairly stable in most of the inorganic and organic solvents of analytical 
interest. The chemical composition of the material reveals that the molar ratio of 
Sn: IO3: C: H: N is 1:2: 6.8:12.24:1.68. 
The tentative formulae may be assigned on the basis of chemical composition as 
(SnOz) (H 103)2 (EDTA) n H2O 
It is clear from the Table 4.1 that increasing the amount of iodate 
content in reaction mixture increase the ion exchange capacity therefore in EDTA 
stanniciodate HIO3 is proposed as an ionogenic group attached to the matrix of 
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Table 4.2 Ion exchange capacity of EDTA-stanniciodate for various metal ions. 
Metal ions Salt used 
Lf LiNOa 
Na^ NaNOj 
\C KNO3 
Mg'^ Mg(N03)2 
Ca'^ Ca(N03)2 
Ba'^ Ba(N03)2 
Ionic radii 
(A") 
0.68 
0.97 
1.33 
0.78 
1.06 
1.43 
Hydrated 
(A») 
3.40 
2.76 
2.32 
7.00 
6.30 
5.90 
I ionic radii Liberation of 
H^ ions (meq/g) 
0.78 
1.30 
1.32 
0.77 
0.99 
1.20 
Table 4.3 Chemical stability of EDTA-stanniciodate in different solvents (250 
mg of the material was initially taken of treatment). 
Solvent 
0.1 M sodium hydroxide 
1 M sodium hydroxide 
0.1 M hydrochloric acid 
1 M hydrochloric acid 
0.1 M sulphuric acid 
1 M sulphuric acid 
0.1 M nitric acid 
1 M nitric acid 
0.1 Mforammide 
0.1 M ethyl acetate 
Tin (IV) 
released (mg/25mL) 
0.00 
0.20 
0.00 
0.10 
0.24 
0.35 
0.00 
0.08 
0.02 
0.00 
Table 4.4 Effect of temperature on the 
stanniciodate. 
Temperature °C 
50 
100 
200 
300 
400 
500 
600 
% Weight Loss 
0.0 
4.2 
8.8 
12.4 
18.2 
26.4 
45.2 
lodate 
released (mg/25mL) 
0.05 
1.20 
0.00 
0.25 
0.41 
0.60 
0.05 
0.10 
0.15 
0.08 
ion exchange capacity of EDTA 
% Retention of lEC 
100 
94.2 
90.0 
88.4 
80..4 
76.4 
54.5 
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0 
NaCl-NaOH 
KCl-KOH 
0 2 4 6 
mmoles ofH- ions added/0.5 g of 
exchanger 
Figure 4.1 pH titration curve of the EDTA-stanniciodate 
109 
 
 
 
 
 
  
 
 
 
the material to which exchangeable H* ions are attached while as EDTA increase 
mechanical strength and reduces the difficulty in obtaining granulated materials 
with suitable mechanical properties for use in column application The pH titration 
curves were obtained for EDTA-stanniciodate under equilibrium condition 
[Figure 4.1] with NaCl/NaOH and KCl/KOH systems. The curve shows only one 
sharp break, therefore the EDTA-stanniciodate in H^ form behaves as a 
monobasic acid. The strong ion exchange characteristic of this material is evident 
from the low pH values (< 3) when initially no OH"' ions are added to it. The ion 
exchange capacity of material depends upon the concentration of eluent as 
revealed from Figure 4.2. The maximum capacity was obtained for 1.25 M 
solution of NaN03 after that it becomes almost constant. It is interesting to note 
from Figure 4.3 that the rate of exchange is quite fast in the beginning and almost 
all the exchangeable H^ ions are eluted in the first 130 mL of the effluent. The 
experiment was carried out to find optimum concentration and volume necessary 
for complete elufion of H^ ions, reflecting the efficiency of the column. 
In order to have an idea of thermal stability of material, it was 
heated for one hour at different temperatures to determine the ion exchange 
capacity retained. Table 4.4 shows that the materials possess sufficient thermal 
stability and retain 76.4 % of ion exchange capacity upto 500 °C. Further it is 
evident from the Table 4.5 that the EDTA-stanniciodate has higher ion exchange 
capacity than stannic selenite, stannic tungestoaresenate and stannic 
molybdoaresenate. The material retains sufficient ion exchange capacity upto 500 
°C in comparison to the other ion exchangers listed in Table 4.5. The 
thermogravimetric analysis of the material (Figure 4.4) shows that the weight loss 
upto 100 °C is 4% due to removal of external water molecules [23]. Further 
weight loss upto 250 °C is 6% which may be due to loss of interstial water 
molecules. A weight loss of 14% observed from 250 °C and 450 °C may be due to 
the condensation of IO3 group into I2O5 [24]. The sharp change in curve above 
500 °C indicating the complete decomposition of organic matter in the material. 
The DTG curve (Figure 4.5) shows the three distinct peaks at 100 °C, 300 °C and 
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Figure 4.2 Effect ofeluent concentration on ion exchange capacity 
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Figure 4.3 Elution behavior of EDTA-stanniciodate 
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Table 4.6 Distribution coefficients of different metal ions on EDTA-stanniciodate 
in different solvents. 
Metal ion D M W O.IM O.IM 0.1 M DMSO: 
DMSO Formamide Ethylacetate Formamide (1:1) 
~M^^^ 4I2 m 522 2I0 353 
~Ci^ iTo m 362 ao 204 
~s?^ iTo m 112 5^ 0 302 
~Q^ iTo 16^^ 5I2 66!0 66^ 6 
~Pb^^  35T2 7313 900.0 455.0 1566.0 
Hg^^ 28^0 5T5 6T2 47!0 75^4 
Mn'^ OO i9!2 3I2 5^0 25^0 
Zn'^ OiO 204 204 116 28^ 0 
Cd^ ^ 00 iTo 3 0 116 28^ 0 
~C^ 512 3T4 3 0 STI 66X1 
~F^ 122.4 426.2 490.2 1400 400.0 
~Ai^^ 66^6 19^ 0 204 282 313 
~ N P 210 210 210 116 210 
~B?^ 733.2 1150.0 1566.6 iTsOO 19000 
Th'^ 1082 2013 240.0 i22!o 251Xi 
~L^ 00 200 210 210 210 
_4+ Zr"" 516.6 733.3 115O0 240O0 1566.0 
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500 °C indicates the corresponding weight loss. The FTIR spectra (Figure 4.6) of 
the EDTA-stanniciodate show a broad peak at 3501 cm"' indicating the presence 
of interstitial water and hydroxyl groups. The presence of strong asymmetrical 
stretching band at 1628 cm"' and weaker stretching band at 1412 cm"' indicates 
the presence of the corboxylate ion [25]. A peak at ~1361cm"' can be ascribed to 
C-N stretching vibration [26]. The presence of the peaks at 1628, 1412 and 1361 
cm"' indicate the considerable amount of the EDTA present in the material. The 
peak at 827 and 503 cml may be due stannic and iodate group [27]. The X-ray 
diffraction pattern (Figure 4.7) obtained for the sample ESI-7 shows some weak 
intensity peaks indicates some degree of crystallinity in the material. The SEM 
images obtained at two different magnifications shows the presence of uniform 
distribution spherical bead like structures (Fig 4.8). 
In order to explore the potentiality of the hybrid cation exchange 
material in separation of metal ions. Sorption studies for different metal ions were 
performed in different solvents (Table 4.6). The results reveal relatively higher 
sorption for Pb^ ,^ Fe^^ Bi^ ,^ Th'*^ and Zr^ + metal ions. Further the higher uptake 
of metal ions was observed in case of formamide, may be because of the basic 
nature of the solvent due to which more hydrogen ions are released from the 
exchanger and metal ions absorbed by the material. The solvents have no or little 
effect on uptake of metal ions like Mn^^ Zn^ "", Sr^ "^i^"" and La^ "^ . The effect of 
surfactant concentration (CTAB) on adsorption of metal ions on EDTA-
stanniciodate was explored. The adsorption of metal ions on the exchanger 
surface is affected by the charge density of the interface and plays a leading role 
in modifying the sorption behavior of the ion exchanger. The effect of 
concentration of cationic surfactant cetyltrimethyl ammoniumbromide (CTAB) 
reveals (Table 4.7), that for most of the metal ions studied sorption increase upto 
CMC and then attains almost constant value except in case of AP*, Ni^ "^  and La^ ^ 
in which sorption is unaffected by change in concentration of CTAB. Therefore, 
the uptake of metal ions depends not only on the ion exchanger but also the 
behavior of surfactant. The potential of the material was explored by carrying out 
quantitative separation of binary mixtures of metal ions that are analytically 
14 
 
 
 
 
 
  
 
 
 
important. Table 4.8 describes the results of few analytically important binary 
separation achieved on columns of EDTA-stanniciodate. These separations can be 
utilized in the removal of particular metal ions, which may interfere in the 
determination of certain other metal ions. For example, interference of manganese 
is encountered in micro determination of lead by electrolytic. Separation of zinc 
from lead can be utilized for recovery of zinc from galvanizing wastes and 
separation of nickel from iron can be used for determination of nickel 
ferromagnetic alloys [28]. The separations were found to be quantitative and the 
results obtained were quite precise and accurate. Table 4.9 and Table 4.10 shows 
the selective separations of Pb^ "^  and Zx^^ ions from the synthetic mixtures 
achieved on EDTA-stanniciodate columns. Table 4.11 shows the quantitative 
separation of iron from zinc in pharmaceutical formulation Fesofor-Z. The results 
reveal that the efficiency of the column is very high and the percentage recovery 
remains almost constant on increasing the loading of sample containing iron and 
zinc. 
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Table 4.7 Distribution coefficients of some metal ions on EDTA-stanniciodate at 
different concentrations ofCTAB (Cetyltrimethyl ammoniumbromide) 
Metal ion Ix IQ-^ M 5x IQ-'M IxlQ-'M 2x10-'M 5xlO"'M 
Cu^^ 
Fe'" 
Al^" 
m'' 
Bi^ " 
Th'" 
La^^ 
Zr^^ 
32.4 
84.0 
24.0 
22.6 
231.0 
73.0 
15.0 
300.0 
40.8 
104.4 
24.0 
10.6 
296.0 
90.0 
20.5 
525.0 
81.5 
159.4 
24.0 
10.6 
580.0 
130.2 
25.4 
733.0 
94.5 
187.4 
24.0 
10.6 
625.0 
142.0 
32.2 
733.0 
96.5 
194.5 
24.0 
10.6 
700.0 
142.2 
32.2 
733.0 
Table 4.8 Quantitative separations of metal ions of binary mixtures using 
EDTA-stanniciodate columns. 
Separation 
achieved 
Amount 
loaded, mg 
Amount 
recovered, mg 
% 
Recovery 
Eluent used Eluent Eluent, 
pH Volume,mL 
6.53 
20.72 
6.46 
20.50 
98.90 
98.93 
0.1 
0.1 
MDMSO 
M nitric acid 
5.8 
1.0 
40 
60 
Cd 2+ 11.24 
20.72 
11.24 
20.54 
100.0 
99.13 
0.1 
0.1 
M ethyl acetate 
M nitric acid 
6.6 
1.0 
40 
50 
5.49 
20.72 
5.47 
20.62 
99.63 
99.51 
0.1 
0.1 
M ethyl acetate 
M nitric acid 
6.6 
1.0 
50 
60 
Zn^" 
Fe'^ 
Th'" 
Zr^" 
Hg^^ 
Bi'^ 
Ni'^ 
Fe'^ 
La'^ 
Bi^ " 
6.53 
5.58 
23.20 
9.11 
20.59 
18.60 
5.86 
5.58 
32.49 
18.60 
6.50 
5.52 
22.20 
9.02 
19.65 
17.82 
5.86 
5.50 
30.20 
17.52 
99.54 
98.92 
95.68 
99.01 
95.43 
95.80 
100.0 
98.56 
92.95 
94.19 
0.1 M formamide 
0.1 M Ethyl acetate 
0.1 M ethyl acetate 
0.1 M nitric acid 
0.1 M DMSO: 0.1 M formamide 
0.1 M nitric acid 
0.1 M formamide 
0.1 M ethyl acetate 
0.1 MDMSO 
0.1 M nitric acid 
6.2 
6.6 
6.6 
1.0 
6.0 
1.0 
6.2 
6.6 
5.8 
1.0 
50 
50 
60 
50 
50 
70 
40 
60 
70 
70 
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Table 4.9 Selective separation ofPb^^ ion from the synthetic mixtures of 
M^^,Ct^^,S?^^n^* and Mn^^on EDTA-stanniciodate columns. 
SNo Amount of Amount of Pb^ "^  % Eluent used 
Pb^ "^ loaded,mg recovered, mg Recovery 
Eluent 
volume,mL 
1 
2 
3 
3.45 
6.90 
10.36 
3.39 
6.66 
10.12 
98.21 
96.25 
97.60 
0.1 M Nitric acid 
0.1 M Nitric acid 
0.1 M Nitric acid 
50.0 
60.0 
60.0 
Table 4.10 Selective separation of Z/^ion from synthetic mixtures ofMg^^, Zn^^, 
Crf^ * and Sr^^ on EDTA- stanniciodate columns. 
SNo 
1 
2 
3 
Amount 
loaded, mg 
1.82 
3.01 
3.83 
Amount 
recovered. 
1.79 
2.96 
3.69 
mg 
% 
Recovery 
98.35 
98.34 
96.34 
Eluent used 
0.1 M ethyl acetate 
0.1 M ethyl acetate 
0.1 M ethyl acetate 
Eluent 
volume,mL 
40 
40 
50 
Table 4.11 Quantitative separation ofFe^^ andZn ^^ contents of pharmaceutical 
sample Hemfer on EDTA-stanniciodate columns. 
Binary 
mixtures 
Zn^" 
Fe'" 
Zn^" 
Fe'" 
Zn^^ 
Fe^" 
Amount 
loaded, mg 
0.45 
1.10 
0.67 
1.65 
1.12 
2.2 
Amount 
recovered,mg 
0.42 
1.05 
0.62 
1.58 
1.10 
1.95 
% 
Recovery 
93.3 
95.4 
92.7 
95.7 
98.2 
88.6 
Eluent used 
0.1 M formamide 
0.1 M ethyl acetate 
0.1 M formamide 
0.1 M ethyl acetate 
0.1 M formamide 
0.1 M ethyl acetate 
Eluent 
volume, mL 
40 
50 
40 
60 
50 
50 
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Figure 4.4 Thermogravimetric analysis (TGA) curve of EDTA-stanniciodate 
0.0 -I 
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Figure 4.5 Differential thermogram curve of EDTA-stanniciodate 
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Figure 4.6 FTIR Spectrum of EDTA-stanniciodate 
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Figure 4.7 X-ray diffraction pattern of EDTA-stannidodate 
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Figure 4.8 Scanning electron micrograph (SEM) of 
EDTA-stanniciodate at two different magnifications (500X and lOOOX) 
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Conclusions 
A new inorganic-organic cation exchanger EDTA-stanniciodate shows good 
thermal and chemical stability. The material retains about 76.4 % of the ion 
exchange capacity upto 500 °C and shows higher ion exchange capacity than 
stannicselenite, stannic tungestoaresenate and stannic molybdoaresenate. The 
analytical utiliy of the exchanger was explored in separation of metal ions in 
binary mixtures in both real and synthetic samples. 
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Chapter 5 
New Organic-Inorganic 
Acrylamide stannic(IV)Tnolybdate: Synthesis, 
Characterization and Sorption Behavior in 
Surfactants 
 
 
 
 
 
  
 
 
 
Introduction 
Ion exchangers are attractive solid adsorbents for metal ion sorption 
because of their mechanical, chemical and thermal stability. In the last few 
decades' significant interest has grown in synthetic organic and inorganic ion 
exchangers [1-8] which are widely exploited for eliminating heavy metal ions 
from waste waters. The sorption techniques employing ion exchangers are 
broadly used to remove certain classes of chemical pollutants (heavy metal ions, 
organic wastes and pesticides) from waste waters, especially those emitted into 
waters from various industrial branches, such as dye manufacturing or textile 
finishing. These wastes, if not treated at time will accumulate in soils and 
eventually lead to increasing concentration of heavy metal ions in human, animals 
and soil particles. Ion exchangers can be used for the treatment of wastewater 
discharge before disposal to remove metal ions viz. Pb^ ,^ Cd^^  and others, which 
would otherwise be harmful. Cadmium and lead are among the most toxic metal 
ions even in low concentration and bio-accumulate in organism and ecosystem. 
The exposure to high concentration of cadmium and lead leads to chemical 
pneumonitis, pulmonary edema, neuropathy and abdominal pains etc. 
Sorption by ion exchangers is a dominant and proficient technique for 
purification and separation but, it greatly depends on the development of effective 
sorbent materials. In the quest for new sorbents, hybrid ion exchangers surfaced 
as new prospect in last few years with the composite properties of both organic 
and inorganic ion exchangers. The hybrid possesses mechanically and thermally 
stable inorganic backbone of inorganic part and the specific chemical reactivity 
and flexibility of the organic part. Functional hybrid materials have been widely 
recognized as one of the most promising and rapidly emerging research areas in 
materials chemistry. During the last few years a good deal of interest has been 
given for the development of more selective and specific hybrid ion exchangers 
towards metal ions [9-12]. Sorption behavior of these ion exchangers have been 
studied in different solvents: acetic acid, formic acid, ethyl acetate, perchloric acid 
and many more. However, Sorption of metal ions in presence of surfactant 
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medium was studied by Varshney et.al [13-14]. Surfactants are surface active 
molecules which modify the sorption behavior of the adsorbent. The adsorption of 
metal ions on the exchanger surface in presence of surfactants is affected by the 
charge density of the interface. 
The following pages summaries the synthesis, characterization and 
analytical applications of new material: acrylamide stannic(lV)molybdate. A 
systematic study on the behavior of metal ion sorption on acrylamide 
stannic(lV)moIybdate in presence of different surfactant mediums was explored. 
The material has been successfully used for the quantitative separation of Pb^^ 
and Cd^ "^  ions from the other metal ions. The material shows more selectivity 
towards lead and cadmium ions. 
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Experimental 
Reagents and preparation 
Stannic chloride (Merck, India), acrylamide (CDH, India) and sodium molybdate 
(M&B,England), Tween-20, Triton X-100, N-Sarcosyle sodium salt (S. D. Fine 
India). All other reagents were of analytical reagent grade. All the solutions were 
prepared in demineralized water (DMW). 
Apparatus 
A digital pH-meter (Elico Ll-10, India) for pH measurements, Perkin Elmer 
'Spectrum One' spectrophotometer for FTIR studies, NETZSCH TG 209 Fl for 
Thermogravimetric analysis, 'X' Pert Pro P Analytical for X-ray diffraction and 
Muffle furnace and Shaker cum incubator (MSW-275, India) for shaking were 
used. 
Synthesis of ion exchanger acrylamide stannic(IV)niolubdate 
Samples of acrylamide stannic(IV)molybdate were synthesized by adding 
gradually an aqueous mixture of sodium molybdate and acrylamide to aqueous 
solution of stannic chloride, varying the mixing ratio, pH, and temperature. The 
pH of the mixture was adjusted by adding dilute solution of nitric acid or 
ammonia. The precipitate so formed was allowed to settle overnight. The 
supernatant liquid was decanted and then filtered under suction and finally dried 
in an oven at 50±2 °C. The product so obtained was further treated with excess of 
1.0 M nitric acid solution for complete replacement of counter ions by H^ ions. 
The acid was removed by repeated washing with dimineralized water (DMW). 
Finally the material was dried in an oven at 50±2 °C. Sample ASM-6 was chosen 
for detailed studies. 
Physiochemical properties 
Ion exchange capacity 
The ion exchange capacity of the sample ASM-6 with different metal ions was 
determined by column operation. 1.0 g of dry exchanger in H"^  form was loaded in 
a column (i.d 1.0 cm, 35.0 cm in length) with glass wool support at the base. 
Sodium nitrate solution (1.0 M) was used to elute H"" ions completely from the 
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exchanger column at a flow rate of 0.5 mL min"'. The liberated H^ ions were 
determined titrimetrically using standard sodium hydroxide solution. 
pH titration 
0.50 g of the exchanger in H^ form were placed in each of several 250 mL conical 
flasks followed by the addition of equimolar solution of alkali metal chlorides and 
their hydroxides in different volume ratio, the final volume is adjusted to 50 mL 
to maintain the ionic strength constant. 
Effect of eluent concentration and elution behavior 
A fixed volume (250 mL) of varying concentration of sodium nitrate solution 
were used for complete elution of H* ions from the column containing 1.0 g of the 
exchanger in H"^  form. The effluent was titrated against the standard 0.1 M 
sodium hydroxide solution. For elution behavior a column containing 1.0 g of 
exchanger in H^ form was eluted with 1.25 M NaNOs solution. The effluent was 
collected in 10 mL fraction at a flow rate (0.5mL min"'). Each fraction of 10 mL 
was titrated against a standard 0.1 M sodium hydroxide solution. 
Chemical composition 
The composition of the sample was determined by dissolving 0.25 g of sample in 
15 mL hot concentrated hydrochloric acid. The solution was cooled and diluted to 
100 mL with distilled water. Tin and molybdate were determined 
spectrophotometrically [15, 16] using standard procedures. 
Distribution (sorption) studies qauntitative separation of metal ions in binary 
mixture 
Disribution coffcient (Kd) values and qauntitaive separation of some important 
metal ions of analytical utility were achieved on acrylamide stannic(lV)molybdate 
as described in chapter 2. 
Selective separation of Cd^ * from a synthetic mixture containing Mg^ *, Ca^ *, 
Zn *^, Mn^ ^ and Cd^ ^ on acrylamide stannic(IV)molybdate columns. 
For selective separations, mixture of metal ions Mg^ ,^ Ca^ "", Zn^ ,^ Mn^ ^ and Cd^^  
was poured onto the top of two column and was allowed to flow down at a rate of 
0.5 mL min" until the level of the sample solutions was just above the resin 
surface. It was recycled through the columns to ensure complete adsorption of the 
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metal ions. The mixture of metal ions namely Mg^ "^ , Ca^ "", Zx\*, Mn^ "^  were eluted 
together first and Cd^ "^  which retained by the resin strongly was eluted later. 
Characterization 
FTIR studies 
The FTIR spectrum for the acrylamide stannic(IV)molybdate (ASM-6) in H"^  form 
was taken by KBr disc method using Perkin Elmer 'Spectrum One' 
spectrophotometer. 
X-ray studies 
The X- ray diffraction pattern of the acrylamide stannic(lV)molybdate was 
recorded by 'X' Pert Pro P Analytical using Cu Ka radations. 
Thermal stability 
The effect of heating temperature on the material was studied by 
thermogravimetric analysis (TGA) curve. The weight loss was studied from 10-
800 °C at a constant rate of 10 °C min"' in the air atmosphere. The effect of 
heating temperature on the ion exchange capacity was studied by heating the 
material at different temperature for one hour. The ion exchange capacity of the 
each heated sample was determined by usual column process. 
Scanning Electron Microscopy 
Electron micrographs were recorded for acrylamide stannic(IV)molybdate by 
using Scanning Electron Microscope operating at 15.0 kV at two different 
magnifications. 
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Results and discussion 
Various samples of acrylamide stannic(IV)molybdate were synthesized by sol-gel 
method. The material appears to be the promising ion exchanger with good ion 
exchange capacity (1.42 meq g"'), chemical and thermal stability. The results of 
the synthesis, appearance and ion exchange capacity of different samples are 
given in Table 5.1. The ion exchange capacity of different samples depends 
greatly upon the concentration of reactants, mixing ration and pH of mother 
liquor. The sample (S-6) with a good ion exchange was synthesized at pH 0.75 
(mixing ratio 1:2:1 and concentration ratio 0.25:0.25:0.25). The ion exchange 
capacity decrease at higher pH because of the hydrolysis of the reaction 
components. From the Table 5.1 it can infer that increasing the amount of 
molybdate content in reaction mixture increase the ion exchange capacity. 
Therefore in acrylamide stannic(IV)molybdate, molybdate is proposed as an 
ionogenic attached to the matrix of the material to which exchangeable H^ ions 
are attached while as acrylamide increase mechanical strength and reduces the 
difficulty in obtaining granulated materials with suitable mechanical properties 
for use in column applications. Sample S-6 was selected for the further studies 
because of its better ion exchange capacity. 
In order to determine working capacity of the material, ion 
exchange capacity for univalent and divalent metal ions were determined. Ion 
exchange capacity of acrylamide stannic(lV)molybdate for various divalent metal 
ions shows that ion exchange capacity of alkali metal ions is similar to that of 
alkaline earth metal ions. The maximum ion exchange capacity of 1.56 meq g"' 
was found for barium ions. The Table 5.2 shows that the selectivity sequence in 
case of alkaline metal ions is K^> Na^ >Li"^  and for alkaline earth metal ions is 
Ba >Ca >Mg . This sequence is in accordance with the hydrated radii of the 
exchanging ions [17]. The ions with smaller hydrated radii easily enter the pores 
of exchanger, resulting in higher adsorption [18]. pH titration curves of the 
sample S-6 were performed with NaOH-NaCl and KOH.KCl system. The curves 
are shown in the Figure 5.1. It is clear that acrylamide stannic(IV)molybdate in 
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Table 5.1 Synthesis and properties ofacrylamide stannic(IV)molybdate 
Condition of Synthesis Appearance I.E.C 
of beads (m eq g' 
— ^ exchange) 
S. No Stannic Sodium Acrylamide Mixing pH Temperature r- xja+JQ s^ 
chloride molybdate ratio 
(M) (M) (M) (v/v/v)mL °C 
S-1 
S-2 
S-3 
S-4 
S-5 
S-6 
0.10 
0.10 
0.10 
0.25 
0.25 
0.25 
0.1 
0.25 
0.25 
0.25 
0.25 
0.25 
0.10 
0.10 
0.10 
0.10 
0.25 
0.25 
1.0/1.0/1.0 
1.0/1.0/1.0 
1.0/1.0/1.0 
1.0/1.0/1.0 
1.0/1.0/1.0 
1.0/2.0/1.0 
0.75 
0.75 
1.0 
0.75 
0.75 
0.75 
25±2 
25±2 
25±2 
25±2 
25±2 
25±2 
Light green 
Green 
Green 
Light Green 
Green 
Green 
1.20 
0.90 
1.20 
1.35 
1.42 
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Table 5.2 Ion exchange capacity of acrylamide stannic(IV)molybdate for various 
metal ions. 
Metal ions 
Li" 
Na" 
K" 
Mg-
Ca^" 
Ba^" 
Salt used 
LiN03 
NaNOs 
KNO3 
Mg(N03)2 
Ca(N03)2 
Ba(N03)2 
Ionic radii (A") 
0.68 
0.97 
1.33 
0.78 
1.06 
1.43 
Hydrated ionic 
(A") 
3.40 
2.76 
2.32 
7.00 
6.30 
5.90 
radii Liberation of H" ions 
(meq/g) 
1.20 
1.42 
1.50 
0.90 
1.38 
1.56 
Table 5.3 Effect of temperature on the ion exchange capacity of 
acrylamide stannic(IV)molybdate cation ion exchanger. 
Temperature °C 
50 
100 
200 
300 
400 
500 
600 
Color 
Green 
Dark green 
Dark green 
Light brown 
Light brown 
Brown 
Brown 
Retention of lEC 
1.42 
1.35 
1.20 
0.98 
0.90 
0.76 
0.45 
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•UOH-UCl 
•NaOH-NaCl 
•KOH-KCl 
1 1 
0 2 4 
mmoles of O H ' ion e of exchaneer 
Figure 5.1 pH titration curves for acrylamide stannic(IV)molybdate. 
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Figure 5.2 Effect ofeluent concentration on ion exchange capacity of 
acrylamide stannic (IV) molybdate 
0.4 n 
ro.35 
S 0.3 
10 20 30 40 50 60 70 80 90 100 
Fraction of efUiKnt (mL) 
Figure 5.3 Elution behavior of acrylamide stannic(IV)molybdate. 
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H^ form behaves as monobasic acid. The initial pH of 2.2 indicates the strong 
cation exchanger characteristics of the material. To determine the most suitable 
concentration for use, the eluted hydrogen ions were determined by titration for 
various concentration of eluent (NaNOs). The elution of H* was found to depend 
upon the concentration of eluent used. It is evident from the Figure 5.2 that 
constant value was obtained at concentration greater than 1 M solution of NaNOs. 
The exchange capacity was determined by using (1 M NaNOa). The volume of 
the eluent (1 M NaNOs) needed almost for complete release of the H^ was found 
to 100 mL. The experiment was performed to have an idea about the efficiency of 
the exchanger (Figure 5.3). 
The thermal studies show the gradual decrease in ion exchange 
capacity with increase in heating temperature. The material is quite stable up to 
450 °C after which the material lost its 45 % of the ion exchange capacity (Table 
5. 3). The exchanger shows superiority over some existing ion exchangers [19-22] 
in terms of ion exchange capacity, thermal stability and selectivity. The material 
shows higher ion exchange capacity than stannic molybdate [23], tin(IV)vanadate 
[24], stannic molybdophosphate [25]. It is evident from the table 5.4 that the 
material retains 84 % of ion exchange capacity upto 200 °C compared to that of 
the other ion exchange materials listed in Table 5.4. Thermogravimetric analyses 
were done to determine the range of stability and operativity of the ion exchange 
material. The thermo-gravimetric analysis (TGA) curve (Figure 5.4) shows that 
the initial weight loss of 5% upto 150 °C which is due to loss of the external water 
molecules [26] Further weight loss at higher temperature (150 °C-550 °C) may be 
due to condensation of exchangeable hydroxyl groups and decomposition of 
organic part in the material. The abrupt weight loss above 600 °C is due to 
formation of metal oxides. The FTIR spectrum (Figure 5.5) shows the broad band 
in the region of 3600-3500 cm"' characteristic of interstitial water and hydroxyl 
groups [27]. A sharp and intense peak at 1626 cm' is due to stretching vibration 
of C=0 group [28]. The sharp peak at 1384 cm"' and confirms the presence of 
considerable amount of acrylamide in the material [29]. Peaks in the region 1000-
500 cm"' are due to Sn-0 stretching and molybdate groups. 
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Table 5.4 Effect of drying temperature on exchange capacity of various Tin(IV) 
based ion exchangers. 
Drying 
Temperature °C 
40 
100 
200 
300 
400 
500 
600 
ASM 
1.42 
1.35 
1.20 
0.98 
0.90 
0.76 
0.45 
Ion exchange capacity ( meq/ g of the exchanger) 
SS STA SMA STS 
0.75 
0.75 
0.75 
0.75 
0.75 
0.70 
0.20 
1.18 
-
0.51 
-
0.31 
-
1.2 
0.9 
0.6 
0.51 
0.35 
-
0.28 
0.88 
0.62 
0.58 
0.48 
0.45 
0.34 
0.22 
ASM = acrylamide stannicmolybdate, SS = Stannic selenite, STA = Stannic tungestoaresenate. 
SMA = Stannic molybdoaresenate, STS = Stannic tungestatoslenate 
Table 5.5 Dstribution coefficient of metal ions on acrylamide stannic(IV)molybdate. 
Metal ion 
Mg^ ^ 
Ca^ ^ 
Sr^ ^ 
Ba^" 
Pb'" 
Hg^ * 
Cd "^ 
Mn'^ 
Zn'" 
DMW 
21 
38 
58 
180 
480 
85 
450 
22 
24 
O.IM 
HCIO4 
11 
20 
42 
122 
471 
100 
320 
11 
25 
O.OIM 
HCIO4 
22 
27 
66 
150 
700 
150 
425 
25 
28 
O.IM 
CH3COOH 
16 
70 
187 
400 
566 
85 
950 
52 
33 
O.OIM 
CH3COOH 
24 
89 
233 
400 
566 
85 
950 
52 
33 
O.IM 
HNO3 
40 
21 
66 
150 
700 
233 
600 
42 
25 
O.OIM 
HNO3 
45 
24 
122 
187 
1500 
233 
600 
50 
28 
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The X-ray powder diffraction pattern of tiie material siiows the presence of low 
intensity peaks in the material indicating it's amorphous nature (Figure 5.6). The 
scanning electron micrograph images obtained at different magnification shows 
the material has the irregular particle with no uniformity in the size of the 
particles (Figure 5.7). The chemical composition analysis of the material reveals 
the Sn: Mo: as 1 -.2 and the CHN results confirms the percentage of carbon, 
hydrogen and nitrogen as 0.6, 12.4 and 0.5 respectively. On the basis of chemical 
composition, pH tritation, FTIR and thermal analysis, a tentative formulae for 
acrylamide stannic(IV)molybdate may be assigned as 
(SnOa) (HMo04)2(CH2CHCONH2) n H2O 
In order to explore the analytical utility of the material in separation of 
metal ions, sorption studies of different metal ions was studied in some common 
solvents and some surfactant mediums. The distribution studies (Table 5.5) shows 
that the sorption of metal ion in nitric acid, perchloric acid and acetic acid 
decrease with increase in concentration of the acids in all cases, which may be 
due to slower rate of release of H^ ions from the exchanger as a resuh less 
sorption of metal ions took place by the exchanger. The effect was more 
prominently observed in case Ba^ *' Pb^\ Hg^* and Cd^^ ions. The effect of 
surfactant concentration on the sorption of metal ions was studied in three 
surfactant Tritron X-100, Tween-20 and N-Sarcosyle sodium salt (Figure 5.8, 5.9 
and 5.10). Results show, the almost similar behavior in case of Triton-X 100 and 
Tween-20 because of their same non-ionic nature. The sorption of metal ions 
decreases with increase in concentration upto CMC (critical micelization 
concentration) and then becomes almost constant. However in case of N-
Sarcosyle sodium salt no regular behavior was observed. In case of Ca^ ,^ Mg^ ,^ 
Hg "^  and Zn ^ ions the sorption increase upto lO'^ M and then decrease with 
increase in concentration. The practical utility of the material was demonstrated 
by achieving some important binary separations of metal ions involving Pb^ "^ -
Mn^ Pb^^-Ca^", Pb^ -^Zn^", Cd^'-Zn^", Cd^ -^Mn^" and Cd'"-Hg^" (Table 5.6). 
The material shows higher absorption for the heavy metal ions such as cadmium 
and lead hence, the material can be utilized for removal of the lead and cadmium 
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ions from wastewaters. The practical utility of the material was demonstrated by 
separating Cd^^ ion quantitatively from a synthetic mixture containing Mg"^ ,^ 
Ca^\ Zn ^^ Mn^^  and Cd^^ ions (Table 5.7). 
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Table 5.6 Quantitative binary separation of metal ions achieved on column of 
acrylamide stannic(IV)molybdate. 
Separation Amount Amount 
achieved loaded, mg found, mg 
% Eluent used 
Recovery 
Volume of 
eluent, mL 
Mn "^ 
Pb^" 
Ca^ ^ 
Pb'" 
Zn^ ^ 
Pb'" 
Mn'" 
Cd'" 
Hg^ ^ 
Cd^" 
Zn^" 
Cd^" 
5.49 
20.72 
3.60 
20.72 
6.53 
20.72 
5.49 
11.24 
20.59 
11.24 
6.53 
11.24 
5.40 
20.2 
3.20 
20.2 
6.45 
19.90 
5.42 
11.10 
20.25 
11.20 
6.38 
11.22 
98 
97 
88 
97 
98 
96 
98 
97 
98 
99 
96 
99 
0.1 MHCIO4 
0.1 MHCIO4 
MHNO3 
0.1 MHCIO4 
O.OIMHNO3 
0.1 MHCi04 
0.1 MHCIO4 
0.1 M HCIO4 
M CH3COOH 
0.1 MHCIO4 
O.OIMCH3COOH 
0.1 MHCIO4 
50 
70 
60 
80 
60 
70 
50 
80 
70 
70 
60 
80 
Table 5.7 Selective separation ofCif'ion from the synthetic mixture ofM^^, Ca^^, 
j+ Zn and Mn on column ofacrylamide-stannic(IV)molybdate, 
Binary Amount Amount % 
mixtures loaded, mg recovered, mg Recovery 
C d ^ 
rr-Cd 
"Cd TT 
2.25 
4.45 
6.74 
2.25 
4.38 
6.60 
Eluant used 
100.0 
98.4 
97.9 
0.1 MHCIO4 
Eluant volume, 
mL 
40 
50 
l o T 
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Figure 5.4 TGA and DTG curve ofacrylamide stannic(IV)molybdate 
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Figure 5.5 FTIR spectrum of acrylamide stannic(IV)molybdate 
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Figure 5.6 X-ray diffraction pattern of acrylamide stannic(IV)molybdaie 
Figure 5.7 Scanning electron micrograph of acrylamide stannic (IV)molybdate 
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Figure 5.8 Effect of concentration of Triton X-100 on distribution coefficients metal ions. 
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Figure 5.9 Effect of concentration ofTween-20 on distribution coefficient of metal ions. 
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Figure 5.10 Effect of concentration ofN-Sarcoysle sodium salt on distribution 
coefficients of metal ions. 
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Conclusions 
A new inorganic-organic cation exciianger acrylamide stannic(IV)molybdate 
shows good thermal and chemical stability. The material retains about 76.4 % of 
the ion exchange capacity upto 500 °C and shows higher ion exchange capacity 
than stannic selenite, stannic tungestoaresenate and stannic molybdoaresenate. 
The analytical utiliy of the exchanger was explored in separation of metal ions in 
binary mixtures in both real and synthetic samples. 
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Abstract 
A new inorganic cation exchanger titanium(IV) molybdosilicate has been synthesized. The effect of experimental parameters such as mixing 
ratio of reagents, temperature, and pH on the properties of material has been studied. The material was characterized on the basis of chemical 
composition, thermal and chemical stability. X-ray diffraction, FTIR, TGA and SEM studies. The exchanger behaves as a monofunctional acid in 
alkali systems and bifunctional in alkaline earth system. The cation exchange capacity for Na* was found to be 0.74 mequiv./g ions. The adsorption 
behavior of metal ions in different solvent systems namely acetic acid, formic acid, dimethylsulfoxide, phenol, triton, formamide and dimineralized 
water has been studied. The analytical applications of the material have been explored by achieving some binary as well as ternary separations 
from aqueous solution on its columns. In order to demonstrate analytical utility of titanium(IV) molybdosilicate, quantitative separation of Fe'* 
and Zn^* contents of a commercially available pharmaceutical sample viz Fefol-Z has been performed on its column. 
© 2007 Elsevier B.V. All rights reserved. 
Keywords: Synthesis; Characterization; Inorganic ion exchanger; Separation; Titanium(lV) molybdosilicate 
1. Introduction 
Industrial pollution posses a serious threat to human beings 
and to ecosystem as a whole due to indiscriminate discharge of 
industrial effluents before pre-treatment. The toxic metal ions are 
serious health hazard and every possible care should be taken 
to keep them isolated from getting mixed into air, water and 
soil. Hence scientists have developed methods to determine and 
isolate them before entering to our ecosystem. Ion exchange is 
considered as a time-honored analytical tool for analysis of the 
complex mixtures in diverse fields. Various types of inorganic 
and organic ion exchangers have been synthesized, however 
inorganic ion exchangers in general are superior to organic ion 
exchangers as they are resistant towards high ionizing radiations 
[1,2] and can be used at elevated temperatures without being 
danger of any decomposition. Various types of inorganic ion 
exchangers have been synthesized. But still, it needs attention 
and their analytical application to be fully explored. 
Corresponding author. 
E-mail address: f_aabid@rediffmail.com (S.A. Nabi). 
Synthesis of novel ion exchangers are always of interest since 
they are selective in nature compared to commercial resins which 
shows high capacity but poor selectivity towards different metal 
ions [3]. Efforts for new selective ion exchangers namely have 
been undertaken in last few decades resulting in the discovery 
of wide variety of synthetic ion exchangers [4—7]. Advancement 
of inorganic ion exchangers is not only due to high thermal sta-
bility and resistively but also for unusual selectivity for ionic 
species and versatility in separation sciences [8,9]. Ion exchang-
ers can be used for the treatment of wastewater discharge before 
disposal to remove metal ions viz. Pb^" ,^ Hg^" ,^ Cd^ "^  and Cr'*' 
which would otherwise be harmful. High levels of lead dam-
ages brain and kidney, mercury vapors leads to permanent brain 
damage at high concentration levels, higher concentration of 
copper in water can cause eye irritation, headache, dizziness 
and diarrhea and inhaling too much chromium cause fragile 
bones and probably a human carcinogen [10]. Double salts 
comprising arsenosilicate [11], molybdophosphate [12], phos-
phosilicate [13], tungstophosphate [14], arsenomolybdate [15] 
based on titanium(IV) has been synthesized. The following 
pages summarize synthesis, characterization, metal ion adsorp-
tion characteristics and analytical application of titanium(IV) 
molybdosilicate. 
0927-7757/$ - see front matter © 2007 Elsevier B.V, All rights reserved, 
doi: 10.1016/j .colsurta. 2007.02.034 
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2. Experimental 
2.1. Reagents 
S.A. Nabi et al. / Colloids and Surfaces A: Physicochem. Eng. Aspects 302 (2007) 241-250 
mixture was adjusted by adding dilute solution of nitric acid 
or ammonia. The precipitate so formed was allowed to settle 
overnight. The supernatant liquid was decanted and precipitate 
was refluxed for 6h in 0.1 M HCl. The precipitate formed was 
allowed to settle overnight and then filtered under suction and 
finally dried in an oven at 50 ± 2 °C. The product so obtained 
was further treated with excess of l.OM nitric acid solution for 
complete replacement of counter ions by H'^  ions. The excess 
of acid was removed by repeated washing with dimineralized 
water (DMW). Finally the material was dried in an oven at 
50± 2°C. The semi-crystalline sample TMS-6 was chosen for 
detailed studies. 
Titanium(IV) chloride (Riedl-del Haen, Germany), sodium-
molybdate (M&B, England) and sodiummetasilicate (CDH, 
India). All the other reagents used were of analytical reagent 
grade. 
2.2. Apparatus 
Spectronic 20-D (USA) Spectrophotometer for spectropho-
tometric determinations, Elico pH meter (335, India) for pH 
measurements, Perkin-Elmer (1730, USA) for FTIR studies, 
Philips X Pert for X-ray diffraction (MSW-275, India), Shaker 
cum incubator for shaking. Muffle Furnace (NSW, India) for 
heating and NETZSCH TG.209 Fl for thermal analysis were 
used. 
2.3. Preparation of reagents and solution 
About 0.25 M titanium(IV) chloride was prepared from con-
centrated solution and 0.25 M solutions of sodiummolybdate 
and sodiummetasilicate were prepared in deionized water. One 
percent ethanolic solution of l-[l-hydroxy-2-napthol azo]-5-
nitro-2-napthol-4-sulfonic acid sodium salt (Eriochrome black 
T), l-[2-prydylazo]-2-napthol (PAN) and 1% aqueous solution 
of o-cresol-sulphonapthalein 3',3-bis[methyliminodiacetic acid 
sodium salt] (Xylenol orange) were used as indicator and 0.01 M 
solution of disodium saU of ethylenediaminetetraacetic acid 
(EDTA) was used as titrant. Metal nitrate salts of all the metal 
ions were used to prepare 0.1 M aqueous solutions except Mn 
and Fe^* for which chloride salts have been used. 
,2+ 
2.4. Synthesis 
Samples of titanium(IV) molybdosilicate were synthesized 
by adding gradually an aqueous mixture of sodiummolybdate 
(0.25 M) and sodiummetasilicate (0.25 M) to carbon tetrachlo-
ride solution of titanium(IV) chloride with varying mixing ratio, 
pH, and temperature as indicated in Table 1. The pH of the 
2.5. Ion-exchange capacity 
The ion-exchange capacity was determined as usual by the 
column technique. One gram of dry exchanger in H+ form was 
loaded in a column (i.d. 1 cm, 35 cm in length) with glass wool 
support at the base. Metal nitrate solutions were used to elute 
H* ions completely from the exchanger column at a flow rate of 
0.5mlmin~'. The liberated H^ ions were determined titrimet-
rically using standard sodium hydroxide solution. 
2.6. pH titration 
Topp and pepper [ 16] method was used for pH titration studies 
using NaCl-NaOH, KCl-KOH, LiCl-LIOH, BaCl2-Ba(OH)2 
systems. Ion exchanger in H'^  form (0.5 g) was treated with 
50 ml of the appropriate mixed solution. The pH of the solution 
was recorded after shaking for 6 h in a temperature-controlled 
shaker. 
2.7. Chemical stability 
About 0.5 g of exchange material (TMS-6) was equilibrated 
with 50 ml solution of analytical interest at room temperature 
(25±2°C) and kept for 24 h with intermittent shaking. Tita-
nium, molybdate and silicate released in the solution were 
determined spectrophotometrically using peroxide [17], phenyl-
hydrazinehydrochloride [18] and hydrazine [19], respectively, as 
chromomeric reagents. 
Table 1 
Synthesis and properties of titanium(lV) molybdosilicate 
Sample 
TMS-l 
TMS-2 
TMS-3 
TMS-4 
TMS-5 
TMS-6 
Condition of s 
Titanium(IV) 
chloride (M) 
0.1 
0.1 
0.25 
0.25 
0.25 
0.25 
ynthesis 
Sodium 
molybdate 
(M) 
0.1 
0.1 
0.25 
0.25 
0.25 
0.25 
Sodium meta 
silicate (M) 
0,1 
0.1 
0.25 
0.25 
0.25 
0.25 
Mixing ratio 
(v/v/v) 
1/0.5/0.5 
1/0.75/0.75 
1/0.75/0.75 
1/0.75/0.75 
1/0.75/0.75 
1/0.7.5/0,75 
pH 
1.2 
1.2 
0,5 
1.0 
1.5 
1.5 
Temperature 
25±2^C 
25±2^C 
2 5 ± 2 ' C 
25 ± 2 C 
25±2-=C 
Precipitate refluxed 
for 6 hours 
Appearance of beads 
White 
White 
No precipitate 
Light yellow amorphous 
Yellow semi-crystalline 
Light yellow 
semi-crystalline 
Ion-exchange capacity 
(mequiv./g exchanger) 
for Na* ion 
0.12 
0.14 
-
0.74 
0.70 
0.74 
TMS-6 selected for detailed studies on the basis of semi-crystalline nature. 
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2.8. Chemical composition 
The composition of the sample was determined by dissolv-
ing 0.5 g of sample in 15 ml hot concentrated hydrochloric acid. 
The solution was cooled and diluted to 100 ml with distilled 
water. Titanium, molybdenum, and silicate were determined 
spectrophotometrically [17-19] using standard procedures. 
2.75. Scanning electron microscopy 
Electron micrographs were recorded fortitanium(rV) molyb-
dosilicate by using scanning electron microscope operating at 
15.0 kV at different magnifications. 
2.16. Distribution studies 
2.9. Effect ofeluent concentration on ion-exchange 
capacity 
Fixed volume (250 ml) of sodium nitrate solution of vary-
ing concentrations was passed in a column containing fixed 
quantity of ion-exchange material (0.5 g). The amount of 
H^ released was determined titrimetrically using standard 
procedures. 
2.iO. Elation behavior 
About l.OM NaNOs solution was passed through a column 
containing 1.0 g exchanger maintaining a flow rate 0.5 ml min~ . 
The effluent was collected in 10 ml fractions and the amount of 
H^ ions released in each fraction was determined titrimetrically 
using standard sodium hydroxide solution. 
2.11. Effect of time on metal ion adsorption 
About 0.3 g exchanger was treated with 30 ml solvent of 
interest and the amount of metal ion adsorbed was determined 
titrimetrically after every 1-h interval. 
2.72. IR analysis 
For IR analysis of the material, lOmg of the exchanger 
in H* form was taken and thoroughly mixed with lOOmg 
of KBr to a fine powder. A transparent film was formed by 
applying a pressure of 80,000 psi in a moisture free atmo-
sphere. The disc formed contained 50-100 |xg of ion exchanger. 
IR absorption spectrum was recorded between 400 and 
4000 cm-'. 
2.75. X-ray analysis 
X-ray powder diffraction method using manganese filtered 
Cu Ka radiation was utilized for X-ray studies of samples 
TMS-5 (un-refluxed) and TMS-6 (refluxed) in H+ form. The 
instrument was equipped with graphite monochromator operat-
ing at 40 kV and 30 mA. 
2.7'^ . Thermal stability 
The effect of drying temperature of the material on the 
ion-exchange capacity was studied by heating the titanium(rV) 
molybdosilicate from 100 to 700 "C for 1 h. The ion-exchange 
capacity for each heated sample was determined by using stan-
dard NaOH solution. 
The distribution coefficient (K^) is an equilibrium measure 
of the overall ability of a solid phase ion-exchange material to 
remove an ion from the solution under set condition. The distri-
bution coefficient {Ka) is an experimental way of determining 
the affinity of a sorbent material lor a specific ion. Here the 
sorption studies were performed on sample TMS-6 for differ-
ent metal ions in various solvent systems. Metal nitrates were 
used as they are easily dissolved in aqueous media. About 0.3 g 
of exchanger in H"^  form was treated with 30 ml of cationic 
solution in 250 ml Erlenmeyer flask. Metal nitrates, the mixture 
was shaken for 6 h at temperature 25 ± 2 °C in a temperature 
controlled shaker. The amount of cation left in the solution 
was determined by titration against standard disodium salt of 
ethylenediaminetetraaceticacid (EDTA). The distribution coef-
ficients were calculated using equation: 
Amount of metal ion in the exchanger phase/g of exchanger 
Amount of metal ion in the solution phase/ml of solution 
In our case 
7-F/300mg 
Ki = 
F/30ml 
where 7 is volume of EDTA used before treatment of the metal 
ion with exchanger and F is the volume of EDTA consumed by 
the metal ion left in the solution phase. 
2.77. Separation 
2.17.1. Quantitative separations of metal ions in synthetic 
binary and ternary mixtures 
Important quantitative separations of metal ions were 
achieved on column of titanium(IV) molybdosilicate (height 
35cm, i.d. 0.6cm, bed height 5.5cm) containing 2.0g of 
exchanger in H"^  form. The column was washed thoroughly with 
dimineralized water and then with the suitable solvent. The mix-
ture of metal ions was loaded and eluted with suitable solvent. 
The effluent was collected in 10 ml fractions at a flow rate of 5-6 
drops per minute. The metal ions in the effluent were determined 
titrimetrically [20] using standard solution of disodium salt of 
EDTA. 
2.77.2. Selective separation 
Selective separation of Pb-+ and Bi^ "^  from the synthetic mix-
tures containing (Pb^+, Mg -^^ , Ca^+, Zn^^, Cd^ -^ ) and (Bi^ +, 
Mg^ "^ , Ca^^, Zn^ -^ , Mn^+) were achieved on titanium(IV) molyb-
dosilicate column. The amount of the Pb^ "^ and Bi^ "^  ions in the 
mixture was varied keeping amount of the other metal ions in 
synthetic mixture constant. 
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2.17.3. Quantitative separation ofFe^'^ and Zn^^ in 
commercially available pharmaceutical formulation Fefol-Z 
One tablet containing 22.5 and 50 mg of elemental zinc and 
iron was dissolved in minimum quantity of aqua regia. The solu-
tion was heated to evaporate the acid leaving dry residue and 
was digested with 10 ml dimineralized water. The subsequent 
procedures remain same as described earlier. 
3. Results and discussion 
Condition for the synthesis of titanium(IV) molybdosilicate 
such as reagent concentration, pH, effect of mixing ratio of 
reagents, and temperature are reported in Table 1. It was found 
that increasing the concentration of reactants from 0.1 to 0.25 M, 
the ion-exchange capacity increases from 0.1 to 0.74 at pH 
1.0. The pH at which the product is obtained also affects the 
ion-exchange capacity. The properties of the exchanger were 
studied at low pH because at higher pH there is a chance of 
hydrolysis of the product. The optimum pH for synthesis of 
titanium(IV) molybdosilicate was found to be 1.0. On reflux-
ing the precipitate for 6 h it is transformed to a semi-crystalline 
product (sample TMS-6) as indicated by X-ray studies. Table 2 
shows the ion-exchange capacities for alkali and alkaline earth 
metal ions. The maximum ion-exchange capacity was found 
to be 0.88 mequiv./g for Ba^ '^  ions. The affinity sequences 
for alkali metal ions K>Na>Li and for alkaline earth met-
als Ba>Ca>Mg. The size and charge of the exchanging ion 
affects the ion-exchange capacity of titanium(IV) molybdosili-
cate. This sequence is in accordance with the size of the hydrated 
radii of the exchanging ions. Ions with the smaller radii easily 
enter the pore of the exchanger, resulting in greater absorption 
[21 ]. Fig. 1 represents pH titration curves for mono and bivalent 
metal systems namely LiCl-LiOH, NaCl-NaOH, KCl-KOH, 
and BaCl2-Ba(OH)2, respectively. The pH titration curves of 
titanium(IV) molybdosilicate for alkali systems appears to be 
monofunctional acid whereas bifunctional acid in case of alka-
line system. The chemical stability data in Table 3 shows that 
titanium(IV) molybdosilicate is stable in acidic, basic as well 
as in polar solvents. The chemical composition analysis of the 
material reveals the Ti:Mo:Si as 1:1:3. Fig. 2 shows the elu-
tion behavior of the titanium(IV) molybdosilicate, it can be 
observed reveals that the ion-exchange capacity increases with 
the increase in concentration of NaNOs up to 1.0 M and becomes 
constant on further increasing the eluent concentration. There-
fore the optimum concentration for elution of H"*" ion is 1.0 M 
Table 2 
Ion-exchange capacity of titanium(IV) molylxlosilicate for various metal ions 
Metal 
ions 
Li* 
Na+ 
K+ 
Mg2* 
Ca^* 
Ba^* 
Salt used 
LiN03 
NaNOj 
KNO3 
Mg(N03)2 
Ca(N03)2 
Ba(N03)2 
Ionic 
radii (A) 
0.68 
0.97 
1.33 
0.78 
1.06 
1.43 
Hydrated ionic 
radii (A) 
3.40 
2.76 
2.32 
7.00 
6.30 
5.90 
Liberation of H* 
ions (mequiv./g) 
0.58 
0.74 
0.78 
0.52 
0.72 
0.88 
—•— 
- • -
—A— 
»— 
NaOH-NaCI 
KOH_KCI 
UOH_UiCI 
Ba(OH)2-BaCI2 
0 2 4 6 
mmoies of OH" ion added / O.S g of Exchanger 
Fig. 1. pH titration curves of titanium(lV) molybdosilicate. 
sodium nitrate solution. It is interesting to note from Fig. 3 that 
the rate of exchange is quite fast in the beginning and almost 
all the exchangeable H"^  ions arc cluted in the first 140 ml of 
the effluent. Fig. 4 shows the effect of time on the adsorption 
of metal ions. It has been observed that the adsorption increases 
with increase in time and becomes constant after 6h, show-
ing the usual trend exhibiting by other ion exchangers. Thus 
the equilibration time for all other studies with this exchanger 
Table 3 
Chemical stability of titanium(IV) molybdosilicate in some common solvents 
Solvent Titanium Molybdate Silicate 
released released released 
(mg/50ml) (mg/50ml) (mg/50ml) 
Dimethylsulphoxide 
Aniline 
Methylamine 
Ammonia 
Acetic acid 
Tetrahydrofuran 
Trichloroacetic acid 
Formic acid 
Perchloric acid 
Succinic acid 
Sulphuric acid 
Foramide 
Oxalic acid 
Sodium hydroxide 
Methanol 
Ethylglycol 
N.N-dimethylforamide 
0.1 
1.7 
1.2 
1.0 
1.5 
0.1 
0.2 
0.2 
0.2 
2.1 
0.3 
0.2 
0.4 
0.8 
0.2 
0.1 
0.1 
1.6 
0.7 
4.2 
2.1 
1.5 
1.6 
1.8 
3.0 
1.1 
2.0 
2.2 
0.6 
1.5 
3.6 
1.0 
1.2 
0.9 
0.6 
0.2 
4.6 
1.3 
2.0 
1.0 
1.8 
3.5 
2.0 
3.2 
10.0 
0.2 
0.6 
4.6 
0.1 
0.1 
0.05 
Note: All the solution used is of 0.1 M concentration. 
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Fig. 2. Effect of eluent concentration on ion-exchange capacity of titanium(IV) 
molybdosilicate. 
was chosen as 6 h. It is apparent that the sorption of Pb '^^  and 
Bi^* occurs very fast within 2h and then becomes gradual 
indicating the selective behavior towards Pb^ "^  and Bi^ "^ . The 
infrared spectrum of titanium(IV) molybdosilicate in H^ form 
is shown in Fig. 5. The strong and broad peak in the region 
3500-3000 cm"' may be assigned to interstitial water molecules 
and OH groups. Another strong and sharp peak at 1621 cm~' is 
due to H-OH bending [22], The sharp peak at 1384cm~' may 
be due to deformation vibration of metal hydroxyl groups. The 
spectrum also shows strong bands with maximum at 1106.73 
and QlP.SQcm"', respectively, due to the presence of silicate 
and molybdate groups [23]. Band at 575 cm"' may be assigned 
to metal oxide bond formation. The X-ray diffraction for refluxed 
and un-refluxed samples of the material is given in Fig. 6a and 
b. The appearance of peak at 20 = 27.87 intensified on refluxing 
the sample and other peaks of weak intensities 37.90, 47.62, 
0.5 
I I 
0.26 
o >< 
o 
<a 
c 
o 
1 •M^m^JIfLmlKjiffmmmMfLmmJ^mmJflLmmJ^tmm JlftmmmM^immJfL^ 
0 10 20 30 40 50 60 70 80 90 100 110 120 130 
Fraction of effluent (ml) 
Fig. 3. Elmion behavior of titanium(lV) molybdosilicate. 
Fig. 4. Effect of time on sorption of metal ions on titanium(IV) molybdosilicate. 
54.28 appear in case of refluxed sample. One intense peak in 
refluxed sample corresponding to 2^ = 24.91 indicates some 
degree of crystalline and the compound can be considered as 
semi-crystallinity in nature. Thermogravimetric analysis (TGA) 
curve (Fig. 7) of the titanium(IV) molybdosilicate shows 8% 
weight loss up to 200 °C which may be due to loss of external 
water molecules. Further the weight loss approximately 12% 
may be due to removal of strongly coordinate water molecules 
from the frame work of the material which continue up to 550 °C. 
There is no significant weight loss after 550 "C which indicates 
that no structural changes occur in the material. These findings 
were well supported by the ion-exchange capacity data (Table 4) 
obtained at different temperatures. The interesting feature of the 
titanium(IV) molybdosilicate is that it retains the sufficient ion-
exchange capacity (0.63 mequiv./g) up to 700 °C. Fig. 8 shows 
scanning electron micrographs of titanium(IV) molybdosilicate 
at different magnifications lOOOx and 2000 x shows the uniform 
Table 4 
Effect of drying temperature on ion-exchange capacity of litanium(IV) 
molybdosilicate 
Temperature (°C) 
50 
100 
200 
300 
500 
700 
Appearance 
Yellow 
Yellow 
Dark yellow 
Dark yellow 
Greenish 
Green 
Ion-exchange capacity 
mequiv./g of Na* 
0.74 
0.72 
0.70 
0.68 
0.64 
0.63 
ions 
Retention of 
lEC (%) 
100 
97.29 
94.50 
91.89 
86.48 
85.13 
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Fig. 5. FTIR spectrum of titanium(IV) molybdosilicate. 
300 
200 
c 
3 
o o 100 
I«u««> 
(a) 
« 
%^ \ 
% 
1 
', 
i 
' . • * ' • , 
' • > • • 
I 8 
i 
I 
i 
• / ' 
1 
1 
1 
C 
8 
* 
> . e ^^ •^ x 
- ^ . , 
•'K,>r'"t-."j, 
20 30 40 SO 60 
Position ["2Theta] 
70 
300 
200 
o 
o 100 
UNneFuJKSotoMPU ^ 
(b) 1 
1 
•^¥t„ . 
i 
i>. '"^**^-fA.w*, 
' ^ - * f . . , 
••*v. •.•v.iJ.V-V. 
20 30 40 50 60 70 
Position caTheta] 
Fig. 6. (a and b) X-ray diffraction pattern of litanium(lV) molybdosilicate. 
morphology. Table 5 shows the distribution coefficients for metal 
ions in diverse solvents. The promising feature of the exchanger 
is its selectivity for Pb^ "^  and Bi'"^ ions. However the reason for 
preferential uptake of Pb^ "^  and Bi^ "^  has not been experimentally 
established. The preference of the ion exchanger for certain ion 
over others depends usually upon the hydrated size and charge 
on the metal ion. Since the hydrated size of the Pb^* and Bi^ "^  is 
almost same they show the same behavior towards the material. 
Low Ki values of the metal ions in nitric acid are due to slower 
100 
o 
Z 75 
O) 
50 
0 100 200 300 400 500 600 700 800 
Temperature ("C) 
Fig. 7. TGA curve of titanium(IV) molybdosilicate 
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Fig, 8. SEM images oV lilaniumUV) molybdosilicate obtained al different raagnificalions. 
replacement of the metal ions in acidic medium as expected. K^ 
values of the metal ions in DMSO are relatively higher as com-
pared to other solvent systems. The decrease in concentration 
of DMSO from 0.1 to 0.01 M results increased sorption for all 
the metal ions studied. This may be probably due to decrease in 
solvating action of DMSO with metal ion with decrease in con-
centration of DMSO. The higher values of Kd were observed 
for almost the metal ions in case of Triton X-100. It has been 
observed that all the alkaline earth metal ions and transition 
metal ions studied show similar behavior with the exception of 
Pb '^^ , Bi'"^ and Hg^ + ions. The Hg'^ '^  ion show relatively higher 
absorption in 0.01 M DMSO than in 0.1 M DMSO. Further the 
Co^ "^  show relatively higher sorption in formic acid, DMSO, 
DMW and formamide as compared to other solvents studied. 
However the behavior of tetravalent metal ions Th'*+,Ce'*-^ show 
the uniform behavior in all the solvent systems except in 0.01 M 
DMSO that shows higher value of K^ for Th'*'^  ion. On the basis 
of Kfi values different binary separation were performed which 
were analytically important (Fig. 9). Table 6 describes the results 
of few important binary separation achieved on column of tita-
Table 5 
Distribution coefficients of metal ions in different solvent systems 
Metal ion 
Mg2+ 
Ca^* 
Sr^* 
Ba^^ 
Pb -^^  
Hg^* 
Zn^* 
Cd^* 
IVIn^* 
Cu2+ 
Al^* 
Co2* 
Ni2+ 
Fe'* 
Bi'-^ 
Th4+ 
Ce3+ 
La'+ 
Acetic acid 
(0.1 M) 
13.6 
26.8 
6.6 
27.7 
191.6 
6.3 
6.3 
4,16 
-
22,2 
44,4 
57,4 
11,6 
41,6 
215,8 
44,4 
11,7 
32.4 
DMSO 
(0.1 M) 
8.5 
11.3 
2,0 
16.0 
63.3 
81.4 
7.5 
7.5 
10.3 
22.6 
29.7 
150 
21,4 
70,3 
126.0 
54,8 
16.6 
25 
Formic acid 
(0.1 M) 
6.2 
3.0 
3.0 
28.4 
200.2 
2.1 
1.94 
-
7.3 
17.7 
88.8 
53.8 
17.1 
16.6 
205.8 
37.3 
18.8 
37.1 
DMW 
6,0 
15,2 
23,8 
31,2 
146,5 
47.0 
6,3 
4.0 
8.1 
36.7 
36,1 
233.3 
-
166.6 
330.0 
52.0 
50.0 
25.6 
Formamide 
(0.1 M) 
4.0 
6.5 
58.0 
67.2 
684.4 
63.3 
22.5 
-
5.2 
45.9 
31.9 
177.0 
38.8 
119.0 
136.3 
39.4 
41.6 
32.4 
Phenol 
(0,1 M) 
4.1 
3,0 
9.1 
25.0 
85.4 
66.6 
0.0 
4.95 
7.7 
45.7 
37.3 
60.6 
16,6 
17.5 
257.0 
58.6 
22.6 
30.7 
Acetic acid 
(0.01 M) 
4.0 
6.0 
1.05 
2.2 
75.0 
25 
2.0 
5.0 
-
57.0 
48.5 
6.0 
92.0 
150.0 
62 
96.2 
69.0 
27.7 
DMSO 
(0.01 M) 
12.0 
18.8 
28.8 
27.2 
127.0 
354.4 
35.1 
40.8 
8.0 
67.6 
42.4 
33.3 
90.0 
_ 
1011 
269.2 
21.7 
45.8 
Triton 
X-100 (2%) 
8.6 
24.3 
60.0 
97.9 
531.1 
309.0 
19.5 
35.8 
18.8 
30.7 
67.2 
50.3 
_ 
131.0 
128.0 
36.0 
37.1 
26.5 
Nitric acid 
(0.1 M) 
3.0 
4.2 
18.4 
26.8 
39.1 
39.3 
42.3 
36.5 
22.4 
30.7 
30.2 
_ 
11.2 
2.2 
58.8 
43.7 
_ 
22.4 
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Table 6 
Quantitative binary separation of metal ions achieved on column of titanium(l V) molybdosilicate 
Separation achieved 
Pb^* 
Cu^^ 
Pb^* 
Zn^* 
Bi'* 
Pb^* 
Zn^ -^  
Fe^* 
Pb2* 
Amount loaded (mg) Amount found (mg) % recovery 
5,49 
20.72 
6.35 
20.72 
6.53 
20.09 
11.24 
20.72 
6.36 
20.59 
5.49 
20.59 
6.53 
5.58 
6.53 
20.72 
5.05 
19.47 
6.09 
20.09 
6.31 
18.82 
11.01 
19.47 
6.32 
18.9 
5.24 
20.50 
6.11 
4.96 
6.23 
19.06 
Eluent used Volume of eluent (ml) 
93.9 
91.9 
97.0 
96.6 
96.6 
91.0 
97.0 
94.0 
99.5 
91.7 
100 
95.50 
93.5 
88.8 
95.0 
92.0 
0.1 M formamide 
0.1 M nitric acid 
2% triton 
0.1 M nitric acid 
0.1 M phenol 
0.1 M nitric acid 
0.1 M formamide 
0.1 M nitric acid 
O.IMDMSO 
0.1 M formic acid 
O.IMDMSO 
0.1 M formic acid 
0.1 M acetic acid 
0.1 M formic acid 
0.1 M formamide 
0.1 M nitric acid 
60 
110 
70 
100 
50 
110 
50 
100 
40 
100 
60 
80 
50 
100 
90 
100 
Table 7 
Selective separation of Pb '^^  from a synthetic mixture containing Pb^*, Mg^*, Ca^*, Zn^* and Cd^* on titanium(lV) molybdosilicate columns 
Amount of Pb^* loaded (mg) Amount of Pb^* found (mg) % recovery Eluent used Volume of eluent (ml) 
8.28 
13.80 
17.76 
20.72 
13.36 
16.65 
19.23 
97.5 
96.8 
93,75 
92.80 
0.1 M nitric acid 
0.1 M nitric acid 
0.1 M nitric acid 
0.1 M nitric add 
60 
100 
110 
130 
Table 8 
Selective separation of Bi'* from a synthetic mixture containing Bi'*, Mg '^^ , Ca^*, Mn^* and Zn^* on titanium(lV) molybdosilicate columns 
Amount of Bi^ loaded (mg) Amount of Bi-'* found (mg) % recovery Eluent used Volume of eluent (ml) 
8.27 
12.41 
17.58 
20.69 
8.13 
11.99 
16.80 
18,20 
98,30 
96.60 
95.50 
91.30 
0.1 M formic acid 
0.1 M formic acid 
0.1 M formic acid 
0.1 M formic acid 
70 
90 
120 
140 
Table 9 
Quantitative separations of Fe''^ and Zn^* in pharmaceutical formulation Fefol-Z on titanium(lV) molybdosilicate columns 
Metal ion 
Zn2+ 
Zn^* 
Zn2-
Fe'-" 
T 
Amount loaded (mg) Amount found (mg) % recovery 
1.12 
2.5 
2.25 
5.0 
4.50 
10.0 
1.10 
2.4 
2.20 
4.80 
4.25 
9.20 
98 
96 
97 
96 
94 
92 
Eluent used Volume of eluent (ml) 
0.01 M acetic acid 
0.1 M formic acid 
0.01 M acetic acid 
0.1 M formic acid 
0.01 M acetic acid 
0.1 M formic acid 
40 
60 
60 
80 
60 
90 
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Fig. 9. Elution curves of binary separation of metal ions on titanium(IV) molybdosilicate columns. 
niuin(lV) molybdosilicate. These separations can be utilized in 
the removal of particular metal ions, which may interfere in 
the determination of certain other metal ions. For example cop-
per should be removed before the calorimetric determination 
of mercury by dithizone [24] and interference of manganese 
is encountered in microdetermination of lead by electrolytic 
method [25]. Also the ternary separations (Fig. 10) were car-
ried out as they are analytically difficult to be achieved and also 
to demonstrate the analytical utility of this material in separation 
sciences. Tables 7 and 8 show the results of selective separation 
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Fig. 10. Elution curves of ternary separation of metal ions on titanium(IV) 
molybdosilieate columns. 
of Pb '^^  and of Bi^ + from the synthetic mixtures of other metal 
ions. Therefore the titanium(IV) molybdosilieate column can 
be used for the removal and recovery of Pb^ "^  and Bi^ "^ . This 
shows that exchanger can be used for recovering Pb^^ and Bi^ "^  
at lower concentration. Table 9 shows the quantitative separation 
of Fe^* and Zn^ + in pharmaceutical formulation Fefol-Z. The 
results reveal the efficiency of the column is very high and the 
percentage recovery remains almost constant on increasing the 
loading of sample containing iron and zinc. 
4. Conclusion 
Novel semi-crystalline titanium(IV) molybdosilieate was 
synthesized. The material is thermally stable as it retains 85% 
of its lEC up to 700 "C. Sorption studies shows that the mate-
rial is selective for Pb^ "^  and Bi^ "^  ions. Lead being the potential 
contaminant in certain industrial effluents, thus can selectively 
be removed from other ions coexist at higher concentration. The 
material can be used for the fabrication of ion-selective elec-
trode for the selective determination of microquantities of Pb-^ 
in solutions. 
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iC INTRODUCTION 
to 
2 The presence of heavy metals in the environment is of great concern because 
^ of their toxicological and physiological effects. These metals, if present 
o beyond certain concentration, can be a serious health hazard and can lead to 
"^  many disorders in the normal functioning of the body. So it is imperative to 
•g device methods for qualitative and quantitative detennination of such metal 
° ions viz Cd~" ,^ Pb^"^, Hg""*". Cu "^^  etc. From past few years large numbers of 
=6 the selective hybrid ion exchanger have been synthesized (1-3) which have 
~ been widely used in metal recovery process, water softening, removal of inter-
lu fering ions, fabrication of ion-selective electrodes, and fuel cells. However, 
m their use as ion selective electrodes had attracted much attention because of 
u^  versatile analytical tools and recommended widely for quick, easy to use, 
and allowing accurate determination of chemical species at a relatively low 
level. Potentiometery with ion-selective electrodes is in principle particularly 
-a well-suited for its selective response to free ions in aqueous solution. There is 
"o a continuous work going on for the synthesis of ion selective electrodes for the 
o 
e 
determination of these heavy metal ions. Some of the heterogeneous ion-
5 exchange membranes consisting of suitable colloidal ion-exchanger particles 
Q as ionophore embedded in the polymer binder have been extensively studied 
as potentiometric sensor (4-7) . Recently organic-inorganic composite ion-
exchangers were used as electro-active material for fabrication of ion-
selective (8-13). The present paper reports the effect of surfactant concen-
tration on distribution coefficients of metal ions on hybrid ion-exchanger acry-
lamidezirconium (IV) arsenate and fabrication of its ion selective electrode for 
the determination of Pb'^ "'" ions. The sensor was compared with few other Pb^"^ 
ion selective electrodes reported in the literature (14-17). 
Lead in general is a metabolic poison, enzyme inhibitor, and causes 
damage to the nervous systems and kidneys and is a suspected carcinogen. 
Thus ion selective electrodes for detection of Pb^ "*" ion have received much 
attention because of health concerns. Though, there are a number of methods 
devised for the determination of Pb^'^ ions such as spectrophotometery, polor-
ography, atomic absorption spectrometry and HPLC. Such methods however, 
require a good infrastructure development, maintenance, and adequate 
expertise while as ion selective electrode provide simple, cheap, and easy to 
use device for analysis of Pb^ "*" ions. 
EXPERIMENTAL 
Reagents and Instruments 
Zirconiumoxychloride and sodium arsenate were obtained from LOBA-
CHEMIA. (India), Acrylamide from CDH. (India), PVC (polyvinyl chloride) 
and Tetrahydrofuran obtained from Merck. All other reagents used were of 
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o 
analytical reagent grade. Elico L 610 pH meter was used for pH measurements 
and digital Potentiometer EI 118 for the potential measurements. 
g Synthesis of Acrylamidezirconium (IV) Arsenate 
o 
eg 
aj Acrylamidezirconium (IV) arsenate was prepared by adding a mixture of (1:2) 
o aqueous solution of sodium arsenate (0.25 M) and acrylamide (0.25 M) into 
~ the aqueous solution of zirconiumoxychloride (0.25 M) slowly at a flow rate 
— of 1 ml min~' . The pH of the solution was adjusted to 1.0 by adding the 
[]] dilute solution of ammonia or nitric acid. The resulting white precipitate so 
^ formed was stirred for half an hour at temperature 70 ± 2 'C and kept for 
^ 24 hours to let the precipitate settle down and finally filtered under suction. 
g The excess of acid was removed by washing with dimineralized water and 
>, dried at SCC in an oven. The dried material was converted into H"*" forni 
^ by treating with 1.0 M nitric acid for 24 hours with occasional shaking. The 
-§ material thus obtained was finally washed with demineralized water to 
Effect of Time on Adsorption of Pb^* Ions 
300 mg portions of the acrylamidezirconium (IV) arsenate in H"* form were 
taken in an Erlenmeyer flask and shacked with 30 ml of lead nitrate 
solutions. The amount of Pb^"^ ions adsorbed at different intervals of time 
was determined. 
Effect of Temperature on Adsorption of Pb^^ Ions 
300 mg portions of the acrylamidezirconium (IV) arsenate in H^ form were 
taken in Erlenmeyer flasks with 30 ml of lead nitrate solution. The contents 
were shacked for 4 hours at different temperature 25, 30, 35, 40, and 45°C. 
Effect of pH on Adsorption of Pb Ions 
300 mg portion of the aciylamidezirconium (IV) arsenate in H"^  form were 
taken in Erlenmeyer flasks with 30 ml of different lead nitrate solution 
having pH ranging from 1 - 7 for 4 hours. 
Distribution (Sorption) Studies 
The distribution coefficient (K^) of metal ions were determined by batch 
method in two different surfactant mediums Tritron X-100 and Tween-80R. 
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Various 400 mg portion of the acrylamidezirconium (IV) arsenate in H"*" form 
were taken in Erlenmeyer flasks and treated with 40 ml of different metal 
nitrate solution in desired medium and shacked for 4 hours in temperature con-
trolled shaker at 25 ± T'C to attain the equilibrium. The metal ion concen-
tration before and after the equilibrium were determined by EDTA titration. 
The distribution coefficients were calculated using the equation 
Amount of metal ion in the exchanger phase/g of exchanger 
" Amount of metal ion in the solution phase/mL of solution 
In our case 
I-F/400 mg 
Kd:=: F/40ml 
where I is volume of EDTA solution used before treatment. F is the volume of 
EDTA consumed by metal ion left in the solution phase after treatment with 
the exchanger. 
Quantitative Separations of Metal Ions in Synthetic Binary 
Mixtures 
Important separation of metal ions were achieved on column of acrylamidezir-
conium (IV) arsenate (height 35 cm, i.d 0.6 cm, bed height 5.5 cm) containing 
2.0 g of the exchanger in H"*" form. The column was washed thoroughly with 
demineralized water and then with the suitable solvent. The binary mixture of 
metal ions was loaded and eluted with suitable solvent. The effluent was 
collected in 10 mL fractions at a flow rate of 5 to 6 drops per minute. The 
metal ion in the effluent was determined by EDTA titration. 
Preparation of Acrylamidezirconium (IV) Arsenate Membrane 
The ion exchange material acrylamidezirconium (IV) arsenate (0.6 g) was 
grounded to fine powder and mixed thoroughly with PVC (2.0 g) dissolved 
in 15 mL of THF. The resulting .solution was carefully poured on the glass 
plate and left for the complete evaporation of the solvent. A 12 mm disc 
was cut from the master membrane and glued to one end of the Pyrex glass 
tube. 0.1 M Pb (N03)2 solution was used as internal solution. Detection 
limit, slope response curve, response time, and the working pH range of the 
electrode were evaluated to study the characteristics of the electrode. Three 
different membranes were prepared with varying (he amount of ion 
exchanger and keeping the amount of PVC constant 
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Conditioning of Membrane and Potential Measurement 
The membrane was equilibrated for 5 days in a 0.1 M Pb (N03)2 solution and 
for 1 hour at least before use for the potential measurements. Potential 
measurements were performed at 25 ± 2'C using the digital potentiometer 
(EI) 118. The electrochemical representation of the cell is given as Ag, 
AgCl|KCl (satd): Sample solution|ISE membrane|0.1 M KCl|Ag, AgCl. 
The potential measurements were done in the concentration range of 
1 X 10" ' -1 X 10~^molL~'. All the solution prepared by the serial 
dilution method and pH adjustments was done by dilute solution of 
ammonia or nitric acid. 
Water Content 
The conditioned membrane was put in the demineralized water (DMW) to 
elute out the diffusible salts and soaked with whattman paper to remove 
excess of the moisture on the surface of membrane. The membrane was 
then dried in the oven at 50 + 2'C for 24 hours. The water content was calcu-
lated by formula 
W — W, 
% Total wet weight = -^—-100 
Wy,. weight of the wet membrane, W„ weight of dry membrane 
Response Time 
The response time of the electrode was measured by recording the potential at 
different intervals of time (after every 5 seconds) till the potential attains the 
constant value. Initial potential was measured at zero seconds when the 
electrode was dipped into (2 x 10~" M) test solution of Pb (N03)2. 
Selectivity Coefficients 
One of the most important characteristics of the ion-.selective electrode is its 
response to foreign ions discussed in terms of selectivity coefficient. 
Different methods are employed such as Mixed Solution Method and 
Separate Solution Method for determination of selectivity coefficients. 
In the present work we used the fixed interference method was used, which 
is one of the mixed solution methods. The selectivity coefficient is calculated 
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iC using the equation given below. 
(O S KZB = aA/(aB)' 
Where UA and as activities of primary and interfering ion and ZA and ZB are 
charges on the ions. in o o 
CM 
k_ 
<u 
o RESULTS AND DISCUSSION 
cc 
C The ion exchange material acrylamidezirconium (IV) arsenate was syn-
thesized at pH 1. The material shows a good ion-exchange capacity of 
1.58 meq/g for Na"*" ions. In order to explore the separation potentiality of 
the material sorption behavior of 16 metal ions were studied in two 
different surfactant mediums Tween-80 R and Triiron X-100 (Tables 1 and 2). 
The results are given in terms of Fig. 1 and Fig. 2. Surfactants were chosen 
as they are the surface active agents which can play a lead role in 
modifying the absorption behavior of ion-exchangers. It has been found that 
the sorption of the metal ions by the exchanger increases with the increase 
5 in concentration of the surfactant (Tween-80R) upto 4% (Fig. 1). Further 
Q increase in the concentration decreases therefore the 4% concentration of 
Tvveen-80R is most adequate for the sorption of metai ions. In case of the 
Tritron X-100 the reverse trend was observed. It has been observed that the 
uptake of metal ions decreases as the concentration of Tritron X-100 
Table I. ElTect of varying concentration of nonionic surfactant Tween 80-R on dis-
tribution coefficients of different metal ions 
I -
m 
m 
•o 
(0 
T3 
CO 
c 
Metal ion 
Mg -^' 
Ca^+ 
Sr'' 
Ba=+ 
Pb^+ 
Hr+ 
Zn^+ 
Cd'^ 
Mn2+ 
Cu^^ 
Al-'+ 
Ni^' 
Fe-^ + 
Th-*+ 
Ce^* 
La-'+ 
DMW 
24.3 
24.3 
31.2 
87.0 
583.3 
102.0 
31.2 
24.3 
33.0 
40.0 
42.5 
20.0 
64.0 
28.0 
125.0 
80.0 
Tween 
1% 
38.8 
61.2 
70.0 
95.60 
720.0 
333.3 
50.0 
74.5 
58.3 
109.0 
104.4 
25.0 
77.7 
131.3 
362.0 
350.0 
Tween 
2% 
48.0 
70.5 
85.0 
125.0 
925.0 
441.0 
75.0 
78.2 
40.5 
107,2 
220.0 
42.0 
156.0 
185.0 
650 
500.0 
Tween 
4% 
96.0 
82.2 
155.0 
350.0 
1540 
450.0 
110.0 
145.0 
90.0 
175.0 
260.0 
48.0 
173.0 
360.0 
800.0 
800.0 
Tween 
6% 
70.0 
42.0 
63.0 
110.0 
1320.0 
380.0 
88.8 
100.0 
60.0 
120.0 
225.0 
20.0 
64.0 
130.0 
700.0 
400.0 
Tween 
8% 
42.0 
42.0 
56.0 
100.0 
660.0 
212.0 
78.8 
78,8 
60.0 
110.0 
212.0 
18.8 
65.5 
120.0 
320.0 
225.2 
 
 
 
 
 
  
 
 
 
00 
o o 
CM 
10 
E 
u. 
CO 
o 
ID 
o 
o 
CM 
l _ 
(D 
"2 o 
CO 
LU 
z 
CO 
_I 
u. 
i2 
>. 
CQ 
•o 
(U 
TO 
o 
c 
o Q 
170 S. A. Nabi et al. 
Table 2. Effect of varying concentration of nonionic surfaclani Tritron X-100 on Dis-
tribution coefficients of different metal ions 
Mela! ion 
Mg'+ 
Ca=' 
Sr-^ 
Ba-^ 
Pb-' 
Hg^^ 
Zn=+ 
Cd^' 
Mn-+ 
Cu=+ 
AP+ 
Ni^^ 
Fe^t 
Ce-^ + 
Th'*+ 
La-^ ^ 
DMW 
24.3 
24.3 
31.2 
87.0 
583.3 
102.0 
31.2 
24.3 
33.0 
40.0 
42.5 
20.0 
64.0 
125.0 
28.0 
80.0 
Tritron 
1% 
40.0 
34.0 
34.0 
206.0 
800.0 
87.0 
27.4 
78.3 
44.0 
100.0 
127.0 
28,0 
225.0 
400.0 
124.0 
110.2 
Tritron 
2% 
34.4 
23.2 
36.2 
104.2 
657.0 
86.5 
25.5 
58.0 
40.0 
71.6 
103.2 
25.0 
170.0 
340.0 
70.8 
110.2 
Tritron 
4% 
20.0 
20.1 
28.0 
88.0 
420.2 
50.4 
22.5 
45.3 
38.8 
160.5 
70.2 
22.5 
125.3 
152.0 
57.2 
102.2 
Tritron 
6% 
17.2 
18.2 
17.2 
78.5 
420.2 
44.2 
12.4 
38.3 
26.4 
120.0 
68.4 
12.5 
120.0 
122.0 
40.0 
80.0 
m 
inn 
5 0 0 - , 
1 A Mi.2-- * - B a 2 -
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» I05-. 
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Figure 1. Effect of concentration of Tween-80R on sorption of different metal ions 
on acrylamidezirconium (IV) arsenate. 
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Figure 2. Effect of concentration of Tritron X-100 on sorption of different metal ions 
on acrylamidezirconium (IV) arsenate. 
increases in almost all the metal ions except copper while in the case of La"*"^  
the Tritron X-100 concentration has no effect on the extent of the sorption. The 
effect of the time, the pH, and the temperature on the sorption of Pb^"^ ions on 
acrylamidezirconium (IV) arsenate was studied. Fig. 3a shows that the 
sorption becomes optimum and constant after 4 hours of shaking period. 
The maximum absorption of Pb"'*' ions occurs at pH 3 as indicated by 
Fig. 3b. At higher pH Pb"""" ions aie hydrolyzed and at lower pH the higher 
concentration of H"'' ions in solution suppress the exchange of ions. Fig. 3c 
shows that the adequate temperature for the sorption of Pb^ "*" ions is 
30 + 2"C. It is evident from the K^ values that the Pb'"'' ions are highly 
sorbed by the material than any other metal ions studies. The promising 
feature of acrylamidezirconium (IV) arsenate is its specificity for Pb^ "*" ions 
which makes the material most useful for determination of lead in a 
complex mixture containing several other metal ions. The elution curves of 
binary separation (Fig. 4) shows that the elution of metal ions is quite sharp 
and recovery is quantitative and reproducible. The practical utility was 
explored by quantitative separation of lead ions (Table 3) from the binary 
mixtures on acrylamidezirconium (IV) arsenate columns. On the basis of 
the specificity for lead ions, an ion-selective electrode for the detemiinalion 
of microqauntities of lead ions was fabricated. Three different membranes 
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Figure 3. Effect of time, pH and temperature on sorption of Pb"'*' ions on acrylami-
dezirconium (IV) arsenate. 
were prepared by varying the ainount of ion-exchanger in exchanger-PVC 
mixture (Table 4). It was observed that increasing the amount of ion-
exchanger in the mixture the thickness of the membrane increases; 
however, it decreases the response time and the slope of the membrane. On 
the basis of quick response time and slope membrane M-2 was selected for 
further studies. The potential response of the electrode measure for different 
Pb'"*" ion concentration is given in the Fig. 5. It reveals that the working 
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Figure 4. Binary separations of metal ions acryianiidezirconium (IV) arsenate 
columns. 
Table 3. Binary separation of metal ions on acrylaniide zirconium arsenate columns 
Metal 
ions 
Mil-* 
Bi^ +^ 
Mg^+ 
Al-'+ 
Th^+ 
Ce^' 
Hg '^ 
Pb^^ 
Zn^+ 
Pb-+ 
Cu^+ 
Pb-'+ 
Amount 
loaded, mg 
5.21 
18.60 
2.40 
2.98 
20.80 
12.95 
20.59 
19.68 
5.88 
19.68 
6.20 
19.68 
Amount 
recovered, mg 
5.20 
18.42 
2.28 
2.70 
20.65 
12.80 
20.32 
19.38 
5.52 
19.32 
6.02 
19.42 
% 
Recovery 
99.8 
99.0 
95.0 
90.0 
99.2 
98.9 
98.62 
98.40 
93.87 
98.10 
97.09 
99.06 
Eluent used 
6% Tween 
0.1 M nitric acid 
2% Tween 
0.1 M nitinc acid 
6%Tween 
0.1 M nitric acid 
1 % Tritron 
0.1 M nitric acid 
6% Tritron 
0.1 M nitric acid 
2% Tritron 
0.1 M nitric acid 
Eluent 
volume, 
mL 
40 
70 
50 
90 
60 
90 
50 
70 
50 
70 
60 
80 
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Table 4. Synthesis and properties of acryiamidezirconium (IV) arsenate membrane 
Membrane 
sample 
M-1 
M-2 
M-3 
Composition of 
membrane 
lonophore 
(mg) 
200 
250 
300 
PVC 
(mg) 
250 
250 
250 
Thickness 
(mm) 
0.36 
0.40 
0.52 
Concentration 
range 
1 X 1 0 " ' -
1 X 10"" 
1 X 10 ' -
1 X 10"^ 
1 X 10" ' -
1 X 1 0 ^ 
Response 
time (sec) 
25 
20 
29 
Slope 
(mV) 
25 
30 
27 
• o 
(O 
•a 
m 
o 
c ? 
o Q 
concentratioti range of the membrane is 1 x 10"' — 1 x 10"^ M of Pb 
(N03)2 with a slope of 30 + 1 mV decade"'. The limit of detection deter-
mined by intersection of two extrapolated segments of the calibration graph 
was 5.0 X 10~^. The response of the electrode is measured as lime required 
reaching the steady potential of +1 mV of the final equilibrium potential. 
Fig. 6 shows that the average response time for the electrode is 20 seconds. 
The sensor was tested over the period of 4 months to investigate its 
stability, during which time the calibration graph was plotted from time to 
-16Di 
•aeo-
/ 
./ 
-iig[Rf| 
Figure 5. Calibration curve of Pb^ + ions using acrylamide zirconium (IV) arsenate 
membrane electrode 
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Figure 6. Effect of pH on electrode response. 
time and no change was observed in the working concentration range, the 
slope, and the response time. However, it is necessary to keep the 
membrane dipped in 0.1 M Pb (N03)2 when not in use. The effect of pH on 
the electrode response was studied (Fig. 7) in the range of 1-7 by using 
1 X 10 '^ M Pb (N03)2 solutions, adju.stment of the pH was done with 
dilute hydrochloric acid or ammonia. The response of the sensor was signifi-
cantly affected by pH as sharp changes in the electrode potential below pH 2 as 
well as above pH 7 were observed. The reason for this behavior may be due to 
250 
> 
E 
o 
•o 
c 
u 
200 
20 40 
Time (sec) 
60 
Figure 7. Response of the acrylamide zirconium (IV) arsenate membrane electfode 
at different lime intervals. 
 
 
 
 
 
  
 
 
 
00 
o o 
CM 
.£• 
:3 § 176 S. A. Nabi et al. 
1^ 
o o 
CM 
a> 
o 
m 
T3 
LU 
Z 
m 
Tafe/e 5. Selectivity coefficients for Pb""^  
selective electrode for viirious interfering 
to 
o ions using fixed interference method 
Interfering ions 
Mg^+ 
Ca=* 
Sr-+ 
Ba^^ 
Cu=^ 
Zn^+ 
Cd^+ 
Mn^' 
Ni^+ 
Hg^-
Selectivity coefficients 
2.0 X 10"^' 
1.3 X 10 -^  
1.6 X 10" ' 
2.4 X 10'"^ 
3.5 X 10 ' 
1.5 X 10"^ 
1.0 X 10"^ 
2.4 X 10 •' 
3.2 X 10"'' 
3.6 X 10 -'' 
T3 
<D 
CO the formation of lead hydroxide at high pH which decreases the response and 
1 at low pH the electrode responded to H"^  ions results in higher response. Hence 
o the most suitable pH range for the sensor is between pH 2 and pH 7. The 
thickness of the membrane (M-2) was found to be 0.40 mm and the % 
water content of the wet membrane (M-2) was found to be 0.0226. The 
most important feature of the sensor is its selectivity towards the primary 
ion against the foreign Jon.s. The selectivity coefficients for different 
divalent metal ions towards the Pb""^  sensor were determined. It is apparent 
from Table 5 that the values determined in range of 10"'' are less than unity 
hence the sensor prepared is selective towards Pb^ "*" ions in the presence of 
other interfering ions listed in Table 5. Table 6 shows the characteristic 
Table 6. Characteristic properties of different lead selective electrodes 
S. no 
1 
2 
3 
4 
5 
6 
lonophore 
Acrylamide zirconium (IV) 
arsenate 
Benzyl disulphide (14) 
Polypyrrole thorium(lV)-
phosphate (3) 
Piroxime (15) 
5,5'-dithiobis-(2-nitroben-
zoic acid) (16) 
Capric acid (17) 
Concentration 
range (M) 
1 X 1 0 " ^ -
1 X 10" ' 
2 X 1 0 " ' -
5 X K)"^ 
1 X 10"*-
1 X 10" ' 
1 X 10 •'-
1 X 10" ' 
4 X 10"^ -
1 X 10"^ 
1 X 1 0 " ' -
1 X 10 ' 
Slope 
(eV) 
30.0 
29.2 
29.1 
30.0 
29.0 
29.0 
Detection 
limit 
5 X 1 0 " ' 
1 X 1 0 " ' 
— 
4 X 10 " 
1.5 X 10"" 
6 X 10~" 
Response 
time (sec) 
20 
240 
35 
45 
70 
15 
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Figure 8. Precipitation titration of Pb "^  against EDTA solution. 
properties of few lead selective electrodes. It can be inferred from the results 
that the present sensor is better than other electrodes in one or all aspects. The 
practical utility was explored by carrying the polentiometric titrations of the 
0.01 M Pb(N03)2 against 0.01 M EDTA solution as titrant using the sensor 
as indicator electrode. The potential was recorded after addition of every 
0.5 mL of EDTA solution to 5 mL of 0.01 M Pb(NO,)2 diluted to 20 niL 
with demineralized water. The addition of EDTA decreases the potential as 
a result of decrease in free Pb"^ "*" ions due to formation of complex with 
EDTA. The amount of Pb^"^ ions can be accurately determined by the 
titration curve (Fig. 8) providing a sharp end point. 
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